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ABSTRACT 
Changes in Body Mass Index and Short-term Healthcare Expenditures  
in a Medicare Population 
 
Tricia Lee Wilkins, Pharm. D. 
 
PURPOSE 
The main objective of the study was to estimate the short-term changes in healthcare 
expenditures that result from weight gain or loss in a population of Medicare patients using 
longitudinal data.  Changes in total healthcare expenditures and its components (inpatient, 





:  The study design was longitudinal and retrospective. 
Data
 
: The Medicare Current Beneficiary Survey, a nationally representative survey of Medicare 
beneficiaries for the years 2000 through 2005 was used.  Four panels of Medicare beneficiaries 
were followed for three years each.   
Sample
 
:   Analytical sample included individuals: a) who were community dwelling, b) age 65 
and older; c) with full-year enrollment in Medicare parts A and B; and d) with no missing BMI 
values for the years BMI changes were measured.  After exclusions, the analytical sample 
consisted of 10,698 Medicare beneficiaries, with a similar distribution across panels: 2000-02 
(n= 2,757); 2001-03 (n = 2,745); 2002-04 (n= 2,562); and 2003-05 (n= 2,634). 
Measures – Changes in BMI categories:   Changes in BMI were measured between Year 1 and 
Year 2 and individuals were classified into 6 categories: 1) Stayed normal (BMI 18.5-24.9 
kg/m2); 2) BMI loss (decrease in BMI in individuals with baseline BMI greater than or equal to 
25 kg/m2, where the resulting BMI belongs to a category lower than that of baseline);   3) Stayed 
overweight (BMI between 25 and 29.9 kg/m2 in baseline and follow-up years); 4) Stayed obese 
(BMI greater than or equal to 30 kg/m2 in baseline and follow-up years); 5) BMI gain (increase 
in BMI category in individuals with baseline BMI > 18.5 kg/m2, where the resulting BMI 
belongs to a category higher than that of baseline) and 6) Stayed Underweight/Other (BMI < 
18.5 kg/m2 in baseline and follow-up years/weight changes not defined by previous categories). 
The group “BMI loss” included individuals who moved to a lower category of BMI between 
Year 1 and Year 2.   For example, an individual moving from obese to overweight or from obese 
to normal BMI would have experienced BMI loss. Similarly, “BMI gain” included individuals 
who moved to a higher BMI category. For example, an individual moving from normal weight to 
overweight or overweight to obese would be classified as having BMI gain. 
To examine the relationship between BMI changes and expenditures, three specifications 
of expenditures were used.  The primary measure of expenditures was relative changes in 
expenditures transformed into log-ratio.  Under the log-ratio approach positive values indicate 
increased expenditures, and negative values indicate decreased expenditures.  Other measures 
included logged expenditures (Year 3) derived after BMI changes were measured and relative 
changes in healthcare expenditures (i.e. percent change in expenditures) grouped into 1) no 




: The Chi-square tests of independence were used to determine significance between 
BMI change categories and subject characteristics. F-tests were used to test significant 
differences in average expenditures and BMI changes. 
Mutivariate
 
: Multinomial Logistic Regression was used to analyze the relationships between 
BMI change categories and independent variables. Ordinary Least Squares (OLS) regressions 
were used to model logged expenditures and log-ratio of expenditures by changes in BMI, while 
controlling for other independent variables (age, gender, race/ethnicity, marital status, education, 
poverty level, metro status, supplemental insurance, general health, functional limitations, 
smoking and physical and mental illness).  Multinomial logistic regressions were used to analyze 
the relationship between relative changes in healthcare expenditures by groups and BMI 
changes, after controlling for other independent variables measured in the study.  
RESULTS 
Only a small fraction of the elderly experienced weight loss as measured by changes in 
BMI:  Of 10,698 individuals, 9% experienced BMI loss (N=982) and 8.2% experienced BMI 
gain (N=867).  Subgroup differences in BMI changes were noted: females were less likely than 
males to experience BMI loss or BMI gain [AOR 0.81, 95% CI 0.68-0.97; AOR 0.73 95%CI 
0.60-0.90].  Increased age (80 + years) decreased the likelihood of BMI loss or BMI gain as 
compared to individuals 65-69 years[AOR 0.57, 95%CI 0.45-0.73; AOR 0.40 95%CI 0.31-
0.52] ; individuals older than 80 years were the only age group with increased risk of staying 
underweight/other.   
After controlling for all the independent variables measured in this study, results from 
OLS regression for  short-term logged expenditures revealed that compared to persons who 
stayed  in normal BMI group, individuals with BMI loss had outpatient expenditures that were 
23% higher. Compared to individuals who belonged to stayed normal BMI group, individuals 
with BMI gain had total expenditures that were 11% higher, outpatient expenditures that were 
25% higher, and other expenditures that were 20% higher (p<0.05). 
OLS regressions on log-ratio of expenditures suggested that when compared to 
individuals who stayed in normal BMI group, individuals who experienced BMI loss had 
significantly lower inpatient expenditures ( β = -0.54). When compared to individuals who 
stayed in normal BMI group, individuals with BMI gain significantly higher outpatient 
expenditures (β = 0.172). 
Comorbid mental illness did not substantially alter the magnitude or direction of 
association between BMI and changes in expenditures in the population studied. 
CONCLUSIONS/IMPLICATIONS 
Obesity has become an epidemic affecting all ages including the elderly, and is associated 
with increased morbidity, mortality and healthcare expenditures. Previous studies have focused 
primarily on the effects of weight loss on healthcare expenditures an d have several limitations: .  
The current study explored how changes in BMI affect a variety of healthcare expenditures 
within a Medicare population and additionally how comorbid mental illness impacts this 
relationship. 
The current findings highlight the importance of maintaining normal weight and avoiding 
weight fluctuations.  In light of the increased expenditures due to overweight and obesity, and 
the positive association between increasing BMI values and healthcare expenditures in the 
elderly, having a stable BMI is necessary to reduce healthcare costs.  Collectively, findings from 
the current study emphasize the need for preventing overweight and obesity rather than treating 
these conditions and their negative effects.  In this context, weight management and wellness 
programs that include nutrition and physical activity need to be an integral part of health 
promotion efforts for all individuals including the elderly.    
Future research needs to distinguish between intentional versus unintentional weight loss 
and its effect on healthcare expenditures to understand the dynamics of weight change.  Patterns 
of service utilization among persons with BMI changes also deserve closer examination. The link 
between obesity and mental illness remains unclear. Research in this area is ongoing, and a better 
understanding of the causal pathways of the relationship between obesity, mental illness and 
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Nearly one-third (33.8%) of adults in the United States are reported to be obese, with the 
combined overall prevalence of both overweight and obesity being 68% (Flegal et al.,2010). 
According to the Centers for Disease Control, between 1988 and 2006, the prevalence of obesity 
among US adults has risen from 23% to 34% (CDC, 2009).   
Prevalence 
Obesity among the Elderly 
In a report from the American Geriatric Society, Arterburn and colleagues estimated the 
prevalence of obesity among US adults age 60 and above will increase to 37.4% by 2010, up 
from 32% in the year 2000. The prevalence of normal weight in this age group would decrease to 
26.7% by 2010, down from 30.6% in 2000 (Arterburn et al., 2004). The US Census Bureau has 
projected the elder population of US adults to be 88.5 million by the year 2050. Current 
projections from the Agency on Aging (AOA), estimate the population of adults 65 and older to 
be near 40 million (AOA, 2009). If the current projections hold true, the prevalence of obesity 
will continue to rise among older Americans.  
Causal link between obesity and chronic diseases 
Health Impact of Obesity 
Cardiovascular Diseases: The risk for cardiovascular diseases has been shown to increase 
in the presence of obesity. One cross-sectional study from the Vitamins and Lifestyle study of 
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Washington state, included 73,003 adults aged 50-76, showing the risk of congestive heart 
failure to be 50% higher for overweight individuals as compared to those of normal weight. 
Being obese more than doubled the odds of heart failure as compared to normal weight 
individuals [Adjusted Odds Ratio (AOR) = 2.5, p <0.001]  (Patterson et al., 2004). Similarly, 
the relative risk for coronary artery disease was shown to be 36 among individuals with body 
mass index (BMI) greater than or equal to 29 kg/m2 as compared to those of normal weight 
(Willett et al., 1999). The relative risk of first venous thromboembolism was shown to be 27 
among individuals with a BMI ≥ 40 kg/m2, and the relative risk of stroke 22 among individuals 
with BMI ≥ 32 kg/m2 (Tsai et al., 2002; Rexrode et al., 1997).  The association of obesity with 
hypertension is established (Bechtold et al, 2006; Janssen et al., 2002; Nguyen et al., 2008). 
Using the well known Framingham study, Wilson et al., estimated that obesity may account for 
up to 26% of cases of hypertension ( Wilson et al., 2002). 
Metabolic Disorders: Overweight and obesity have also been associated with an 
increased risk of type 2 diabetes (Green V., 2005; Hibbert-Jones et al., 2004;Haslam D., 2008; 
and LechleitnerM, 2008). Compared to persons of normal weight, the risk of diabetes is 60% 
higher[ AOR=1.6, p<0.001]. The risk nearly quadruples among the obese [AOR 3.8,  p < 0.001] 
(Patterson et al., 2004). Additionally, the prevalence of obstructive sleep apnea is expected to 
rise with increasing rates of obesity (Lawati et al., 2009). 
Respiratory Diseases: Compared to those of normal weight the risk of asthma increases 
within classes of obesity. The risk of asthma is reportedly 40% higher among those with class 
II/III obesity( BMI 35-39.9kg/m2 and BMI ≥40 kg/m2) [AOR=1.4, p<0.05], and the risk of 
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obstructive sleep apnea has been reported to be between 2-4 fold greater among individuals with 
obesity (Patterson et al., 2004;Gami et al., 2003). 
Osteoarthritis: Compared to individuals of normal weight, Patterson et al., showed the 
risk of osteoarthritis to be 20% greater  among  the overweight, and 60% higher in the obese 
[AOR 1.6 and 1.6, respectively, p< 0.001] (Patterson et al., 2004). One cross-sectional study of 
1,003 women from the UK reported the odds of osteoarthritis to be 6.17 [95% CI (3.26-11.71)] 
among women with BMI >26.4 kg/m2 ( Hart and Spector, 1993). 
Depression and Mental Illness
Obesity and Functional Impairment 
: Reports on the association of overweight and obesity with 
depression have also been studied. Compared to individuals of normal weight, the risk of taking 
an antidepressant was reported to be 20% higher among obese individuals (Patterson et al., 
2004). A recent meta-analysis on 15 longitudinal studies, totaling 58, 745 subjects, showed 
obesity at baseline resulted in an increased risk of depression at follow-up [AOR 1.55, p< 0.001] 
(Luppino et al., 2010). 
 
Obesity has been shown to worsen age-related functional decline and disability. 
Hubbard et al., measured phenotypic frailty among 3,055 community-dwelling adults ages 65 
and older. Phenotypic frailty was defined by grip strength, duration and intensity of physical 
activity and gait speed.  Phenotypic frailty was increased among those with BMI < 20 kg/m2 and 
BMI > 30 kg/m2. Within each BMI category individuals with a large waist circumference (≥ 88 
cm for women and ≥ 102 cm for men) were frailer than individuals without a large waist 
circumference (Hubbard et al., 2010). Ferraro et al., analyzed longitudinal data on 6,833 adults 
25-70 years old followed over a period of 20 years.  An upper-body disability index was used to 
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measure domains of dressing, grooming, eating, reaching and gripping. A lower-body index 
measured domains for toileting, arising, walking and running errands.  At 10 and 20-year follow-
up, persons with BMI ≥ 30 kg/m2
 
 had higher levels of both upper and lower-body disability 
(Ferraro et al., 2004). 
 
Obesity and Quality of Life 
 
Health complaints such as frequent headaches, stress, fatigue, lack of energy, indigestion, 
heartburn and impotence are all significantly increased among individuals who are overweight or 
obese as compared to individuals of normal weight ( Patterson et al., 2004). With such 
complaints, a relationship between obesity and quality of life (QOL) measures is expected.  One 
study on 18,584 Europeans aged 50 and older showed obese men and both overweight and obese 
women were significantly less likely to report being in “very good” or “good” health 
(Peytremann-Bridevaux I and Santos-Eggimann B, 2008). In another cross-sectional study of 
250 menopausal women, ages 50-64 years, obesity did not significantly affect global  Health 
Related Quality of Life (HR-QOL), it did however,  affect sexual and “psychical” domains 
(Llaneza et al., 2007). 
 
Paradoxically, obesity as been shown to be associated with decreased mortality among 
older adults. These findings have been observed for elder patients with heart failure, for which 
increased adiposity has been shown to improve patient survival. (Habbu et al, 2006; McAuley et 
al., 2007;Oreopoulos et al., 2009). Although, the potential for longevity may exist, 
Obesity and Mortality 
5 
 
multimorbidity is common among older individuals, and obesity has been shown to negatively 
affect a number of diseases of varying organ systems, which can result in premature mortality. 
Addressing the obesity epidemic among the elderly is necessary due to the associated 
risks of increased morbidity and mortality. Obesity prevention and treatment serves as a means 
whereby negative health effects of obesity can be relieved, if not avoided all together. Obesity 
prevention is common among health conscious adults, but should not be neglected among older 
populations. 
Overweight and Obesity have deleterious effects on health and wellbeing for all persons 
including the elderly. According to the National Heart Lung Blood Institutes (NHLBI, 2000), age 
should not preclude treatment of obesity in persons age 65 and over. Moreover, 
Obesity Prevention for the Elderly  
“A clinical decision to forgo obesity treatment in an older adult 
should be guided by an evaluation of the potential benefits of 
weight reduction for day-to-day functioning and reduction of 
the risk of future cardiovascular events, as well as the patient’s 
motivation for weight reduction.” (NHLBI, 2000) 
Once initiated, weight loss regimens should be individually tailored and require  
counseling on proper nutrition and physical activity. The US Department of Health and Human 
Services (DHHS) and the Centers for Disease Control (CDC) currently recommend the following 
for older adults: 150 minutes of moderate-intensity aerobic activity per week or 75 minutes of 
vigorous intensity aerobic activity per week. Individuals are also advised to engage in muscle 
strengthening activities at least twice per week (DHHS, 2008; CDC, 2010). Aerobic activities 
include bicycling, golf (without a cart), swimming, walking, jogging and some yard work such as 
pushing a lawn mower. Muscle strengthening activities include carrying groceries, exercises 
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using exercise bands, weight machines or dumbbells, some types of yoga and washing windows 
or floors (Elsawy and Higgins, 2010).  
 Many studies have reported increased healthcare expenditures due to obesity. One study 
that utilized longitudinal data from the Medical Expenditure Survey, showed increased 
expenditures for individuals with diabetes, dyslipidemia and hypertension.  Medical expenses for 
each condition were significantly higher when comorbid obesity was considered (Sullivan et al., 
2008).   Wee et al., analyzed data for 11,212 adults from the 1998 MEPS. Results showed mean 
per person annual healthcare expenditures were significantly higher for overweight and obese 
person 65 and older as compared to those of normal weight (Wee et al., 2005). Yang and Hall, 
analyzed longitudinal data from the Medicare Current Beneficiaries Survey. For the years 1999-
2001, elderly men who were overweight or obese had life-time expenditures that were 6-13% 
higher than men of normal weight. Women who were overweight or obese had lifetime 
expenditures that were 11-17% higher than women of normal weight (Yang and Hall, 2008). 
Body Mass Index Categories and Healthcare Expenditures 
Another cross-sectional study attributed increasing national healthcare expenditures to 
obesity. Data on 34,215 individuals from the 2003 Medical Expenditure Panel Survey revealed 
an increased prevalence of treatment for common chronic diseases among obese individuals as 
compared to those of normal weight: mental disorders (22% v.17%), diabetes (14% v. 3%), 
hyperlipidemia (34% v.7%), hypertension (30% v. 12%) and arthritis (19% v. 10%) (Thorpe KE, 
2006). Although this may be a result of the increased risk of chronic conditions due to obesity, 
the increased prevalence of treatment suggests increased service utilization and hence increased 
expenditures and well. 
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Finkelstein et al., estimated total medical spending attributable to overweight and obesity 
to be as high as $78 billion in 1998 ( Finkelstein et al., 2003) and a later estimate in 2008 dollars 
places it at $147 billion per year (Finkelstein, Trogdon, et al., 2009).  Several reports have been 
published that show increased medical expenditures for person who are overweight or obese 
(Bell et al., 2010; Wee et al., 2005; Trasande and Chatterjee, 2009).  In 2000, one cross-sectional 
study of 16,262 US adults showed compared to normal weight individuals, the odds of incurring 
any healthcare expenditure was 23% higher for overweight individuals.  The odds of incurring 
any healthcare expenditure were also increased within categories of obesity. Compared to 
individuals of normal weight, those with class I (BMI 30-34.9 kg/m2), class II (BMI 35-39.9 
kg/m2) and class III (BMI > 40 kg/m2
Another cross-sectional study of 25,038 adults and 2,440 adolescents who participated in 
the 2000-2001 Canadian Community Health Survey found mean annual physician costs varied 
by BMI category and age.  Compared to those of normal BMI, obese individuals had higher 
mean physician costs. For individuals 60 years and older, the finding were significantly different. 
Obese individuals 60 years and older had mean costs that were 28.3% higher than their normal 
weight counterparts ($1029 v. $802)(Jansen et al., 2009). 
) obesity  were 58%, 45% and 100% more likely to incur 
any healthcare expenditure (Arterburn, et al., 2005). Additionally, total healthcare expenditures 
for the year 2000 were estimated to be $17.2 billion for overweight, and $16.5 billion, $11.2 
billion and $11.1 billion for class I-III obese categories.     
 The Australian Diabetes, Obesity and Lifestyle study followed 6,140 individuals ages 25 
and older for 5 years to compare annual total healthcare costs between persons of varying BMI 
and waist circumference. Annual total direct healthcare costs were $2,788 (95% CI, $2,542-
$3,035) for obese individuals, whereas persons of normal weight had annual costs of $1,472 
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(95% CI, $1,204-$1,740). The authors reported that overweight and obesity accounted for an 
excess in total costs of $10.7 billion for the year 2005(Colagiuri et al., 2010). 
 Yang and Hall used longitudinal data from the Medicare Current Beneficiary Survey 
(MCBS) for 1999-2001 to simulate the life-time healthcare expenditures for underweight, normal 
weight, overweight and obese individuals. Men who were overweight or obese at age 65, had 
higher  inpatient, outpatient and prescription expenditures over their life-time than men who 
were normal weight.  Average total healthcare expenditures were 6% and 12.5% higher for 
overweight and obese men when compared to normal weight men.  Women who were 
overweight or obese at age 65, had higher inpatient, outpatient, prescription and nursing home 
expenditures over their life-time than women who were normal weight.  Average total healthcare 
expenditures were 10.7% and 16.8% higher for overweight and obese women when compared to 
normal weight women (Yang and Hall, 2008).   
 Using data from 2003 MCBS, it has been reported that prescription drug spending for 
2003 was significantly higher at $2,374 for obese class I and at $2,976 for obese class III 
compared to $1,764 for normal weight beneficiaries (Stuart et al., 2008).  Obese individuals also 
had higher utilization rates for selected medications used to treat diabetes, hypertension, 
ischemic heart disease, heart failure, hyperlipidemia, and osteoarthritis.
Most studies analyzing the relationship between obesity and health expenditures have 
utilized cross-sectional designs and have evaluated the association between various BMI 
categories and expenditures.  From these studies, it can be concluded that obesity is associated 
with increased life-time and disease specific health expenditures. However, it is not known as to 
whether changing BMI categories (ie. weight loss or weight gain)  is related to short-term 
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changes in healthcare expenditures.  This study contributes to the current body of literature by 




Due to well established associations of overweight and obesity with increased morbidity 
and healthcare expenditures, these conditions have become prime targets of public health 
initiatives and campaigns, such as the “Let’s Move“ campaign,  championed by  Michelle 
Obama. The epidemic has also caught the attention of employers as well as health plans which 
are instituting disincentives for unhealthy weight gain (Gabel et al., 2009). Alabama state 
employees with BMI greater than 35 kg/m
Problem Statement 
2 have been given one year to lose weight. Beginning 
on January 1, 2011, those who have not met this goal will be required to pay $25 per month 
towards their health insurance (Associated Press, 2008).  Currently, Clarian Health of Indiana 
deducts up to $10 per pay check for employees not meeting goals which include a BMI less than 
30 kg/m2 (Associated Press, 2009).   With the annual costs of overweight and obesity estimated 
to be as high as $147 billion (Finkelstein, Trogdon  et al., 2009), this study seeks to determine 
the short-term changes in healthcare expenditures that result from weight gain or loss within a 
Medicare population  
1. Using longitudinal data, estimate healthcare expenditures (total, inpatient, outpatient, 
prescription, dental and other) associated with changes in BMI categories with sub analysis for 
those with mental illnesses.   
Primary Objectives 
 
1.1. How do the changes in BMI categories affect the total and specific components (inpatient, 
outpatient, prescription, dental and other) of expenditures?   
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1.2. What is the association between changes in BMI and healthcare expenditures, after 
controlling for individuals’ demographic, socioeconomic status, physical illness and 
mental illness? 
1.3. How does the relationship between weight gain or loss and healthcare expenditures change 
in the presence of mental illness (depression)? 
1.1. Decreases in BMI will result in reductions in short-term total and/or component health 
expenditures.  
Hypotheses 
1.2. Increases in BMI will result in increases in total and/or component healthcare 
expenditures. 





The conceptual framework for analyzing changes in BMI categories and health 
expenditures is an adaptation and mixture of sociological theories (Anderson R., 1995) and 
competing demands (Piette et al., 2004; Nutting et al., 2000; Klinkman, 1997; Jaen et al., 1994). 
Competing demands literature explores the process by which patients and physicians prioritize 
and treat medical conditions. It is proposed that some problems are addressed readily, while 
others are not, due to an implicit agenda of the patient and/or physician.  A clear example is 
when treatment of a physical disease takes priority over comorbid mental illness (Rost et al., 
2000).  To draw a parallel, obesity treatment may be neglected because patients with obesity 
present with many health conditions and challenges which may take priority. 
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In the context of obesity, the “competing demands” model views the association between 
BMI categories and healthcare utilization/expenditures as an active choice influenced by three-
sets of interrelated “domains” representing the clinician, the patient, and the practice (i.e. 
healthcare delivery) system.  In its operational form, the patient domain includes predisposing, 
enabling, need, life-style and the external environment. Clinician and practice factors include 
type of visit, alternative demands, knowledge/expertise, practice location, availability of 
consultants, and practice structure.  The current study addresses the relationship between BMI 
change and healthcare expenditures by observing factors of the patient domain.  Future studies 
should evaluate the effects of clinician and practice domains on the relationship between BMI 
change and healthcare expenditures. Operational elements of the “competing demands” model 
with variables available from the administrative and survey data of MCBS are illustrated in 





REVIEW OF LITERATURE 
Most studies that have analyzed the effects of weight changes on healthcare expenditures 
have focused specifically on weight loss. In one prospective study, 965 obese Swedish subjects 
were followed for 6 years post intervention (surgical or conventional weight loss).  At the end of 
the 6 year period, annual costs for diabetes and cardiovascular medications had increased for 
individuals losing less than 15% baseline body weight. The largest increase in annual medication 
costs, 96%, was seen for those who lost less than 5% baseline body weight.  Individuals losing 
greater than 15% baseline body weight saw medication costs decrease by 8% (Argen et al., 
2002a). Another retrospective study of 64 obese patients, with mean follow-up of 16 months, 
showed reductions in medication costs post-gastric bypass. Preoperative medication costs were 
$317 per person compared to $135 postoperatively, resulting in estimated yearly savings of 
$2,184 per person (Monk et al., 2004).  Collins and Anderson evaluated the economic impact of 
weight loss among 40 obese individualsages 40-70 years. At 12 week follow-up, subjects had 
lost an average of 15lbs, and monthly prescription costs for hypertension and diabetes 
medications were $20, down from $63.30 at baseline. By one-year follow-up, subjects had lost 
an average of 20 lbs and average monthly prescription costs were $32.40 (Collins and Anderson, 
1995).    
Association between Weight Loss or Changing Body Mass Index and Healthcare 
Expenditures 
Dynamic modeling of a sustained 10% weight loss decreased lifetime healthcare 
expenditures due to hypertension, hypercholesterolemia, type-2 diabetes, coronary heart disease 
and stroke by as much as $2,200-$5,300 (Oster et al, 1999).  Another simulation study aimed to 
predict the return on investment for workplace obesity interventions.  Annual savings due to 
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medical costs and absenteeism were estimated to be $90 per worker for those achieving at least 
5% weight loss (Trogdon et al., 2009). In a follow up study, Finkelstein et al., merged medical 
claims and absenteeism data for employees from 17 North Carolina based colleges. Overweight 
and obese participants with at least 5% weight loss did not have lower medical expenditures or 
absenteeism at 12 or 24 months (Finkelstein et al., 2009).   
All these studies have made important contributions by reporting that obesity is 
associated with increased healthcare expenditures due to its impact on comorbid conditions such 
as hypertension and diabetes;  bariatric surgery decreases prescriptions costs following surgical 
weight loss interventions; weight loss is not associated with lower expenditures over a short (1-2 
year) time frame in a working population.  However, these studies have limitations.  Some have   
examined only weight loss although subjects were followed over a longer time frame; others 
have analyzed only changes in prescription expenditures; other studies included only certain 
conditions such as diabetes.  
The current study will advance current knowledge by modeling both weight loss and 
weight gain using longitudinal data.  Additionally, this study has evaluated the effects of 
changing BMI on a variety of health expenditures, including total, inpatient, outpatient, dental 
and prescription. The current study will explore how changes in BMI categories may affect 
healthcare expenditures using data over a 3 year period among elderly.  As suggested in the 
introduction and obesity prevention guidelines among the elderly, it is important to study this 
population.  Given  the public health and economic implications of increasing rates of 
overweight and obesity among the elderly, the question that must be addressed is what monetary 






 The study design is longitudinal and retrospective with three panels of individuals 
followed over a period of three years.    
Study Design 
The data for the current study is derived from the Medicare Current Beneficiary Survey 
(MCBS).  The MCBS uses both survey and claims data to compile a continuous, multipurpose 
survey of a nationally representative sample of aged, disabled, and institutionalized Medicare 
beneficiaries. MCBS, which is sponsored by the Centers for Medicare & Medicaid Services 
(CMS), is the only comprehensive source of information on Medicare beneficiaries. The survey 
is designed to focus on cost and use of medical services.  Sources of information on expenditures 
and utilization for healthcare services include in-person interviews conducted every four months 
as well as Medicare claims. The MCBS data consists of two annually released public use files: 
“access to care” and “cost and use”.  The “access to care” files contain information relating to 
respondents’ access to medical providers and their satisfaction with healthcare, and include 
beneficiaries who were enrolled in Medicare for the entire year. The “cost and use” files, in 
contrast, contain information on personal healthcare expenditures and payment sources for all 
beneficiaries who were eligible for Medicare at any time throughout the calendar year.  The two 
data files can be used separately or (for those enrolled for the full year) in combination.  The 




MCBS Cost and Use Files: 
 
Data collection for MCBS began in 1991 and continues today. The most recent files for 
analysis are the 2006 cost and use files, and the 2008 access to care files.  MCBS utilizes a 
rotating panel design of four overlapping panels of Medicare beneficiaries surveyed each year.  
Each panel contains a nationally representative sample of beneficiaries who will be interviewed 
12 times to collect 3 complete years of utilization data. All four panels are included in the Access 
to Care files, while only three panels are used in the Cost and Use files.  Cost and use file cover 
only three of four years since the panel that is being retired during a calendar year is not asked 
about medical utilization for that year. Individuals may be tracked across years by combining a 
unique person identifier with the round number that indicates survey entry. Figure 2 below 
presents a visual depiction of the rotating panel design 
(http://www.cms.gov/MCBS/Downloads/HHC_2000_appendixA.pdf , Accessed June 1, 2010).  
For example, individuals who enter the survey in the year 2000, have entered in panel 25.  They 
will be interviewed over the next four years, as other beneficiaries enter the sample (i.e. rounds 











This study analyzed merged data from multiple years of the Medicare Current 
Beneficiaries Survey (MCBS).  The study sample was derived from MCBS datasets from the 
following years:  2000, 2001, 2002, 2003, 2004 and 2005. From these files, four longitudinal 
panels were created: 1) 2000-2002, 2) 2001-2003 3)2002-2004 and 4) 2003-2005. These years 
were chosen for recency of availability. Additionally, variables chosen for analysis were coded 
consistently across all years. Table A.1 (Appendix A), tracks each of the four panels across 
survey years, in which each box shows the number of individuals for each year with respective 
round information.  For example, the 2000-2002 panel consists of individuals who entered the 
survey in round 25, and continued through all three years. In Table A.1, 4,547 individuals started 
in round 25 for year 2000, 4,042 continued through the second year, and by 2002, 3,663 
individuals had been continuously followed.   
Newly enrolled beneficiaries are included in interviews even if they became Medicare 
eligible after the start date for a new round. These individuals are termed “ghosts” and have 
missing or incomplete survey information.   These individuals are easily identified by the letter 
“G” at the end of their unique person identifier. In Table A.1, numbers in red represent “ghost” 
participants in each year. 
Analytic Sample: Inclusion/exclusion criteria 
The study sample was composed of four panels spanning three years each 1) 2000-2002, 
2) 2001-2003,  3)2002-2004 and 4) 2003-2005). Individuals who met the following criteria were 
eligible for inclusion:  
• Community dwelling, age 65 and older 
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• Alive for all three years 
• BMI information for all three years  
• Full-year  enrollment  in Medicare parts A and B  
The resulting sample size was 10,698, with an even division across panels: 2000-02 (n= 
2,757); 2001-03 (n = 2,745); 2002-04 (n= 2,562); and 2003-05 (n= 2,634). Please see Figure 3 








 Dependent Variable: 
Measures 
 
Expenditures: Information on expenditures was obtained from Medicare claims data and 
personal interviews conducted at four-month intervals. Expenditure data consists of payments 
made by the third-party payers including Medicare, Medicaid, Medicare-Health Maintenance 
Organization, Veterans Affairs Health Insurance, private HMO, individually purchased insurance, 
employer-sponsored insurance, out-of-pocket and other payer.  Expenditure types include total, 
inpatient, outpatient, pharmaceutical, dental and other.  Other expenditures covers payments made 
for facility, home health, institutional, medical providers and laboratory.    For the purpose of this 
study, the medical provider component was not separated from the other expenditures because 
medical provider expenditures also contained “other” expenditures that could not be identified.  
Expenditures obtained from the cost and use files represent those obtained from both the 
survey and administrative bills.  To receive an accurate picture of amounts paid, the files have 
undergone a careful reconciliation process that identifies payments recorded on the survey only, 
the bill only or on both.  
 
Short-term Expenditures  
 Short-term expenditures refer to the expenditures that occurred after the measurement of 
BMI changes (ie. during the 3rd
Changes in Expenditures 
 year of follow up).  
  
 Unless otherwise specified, changes in expenditures refer to differences between follow-




Relative Changes in Expenditures: Log-ratio 
 
Absolute differences in expenditures between two time points are not satisfactory 
because not all individuals have the same baseline expenditures.  As such, an increase of $200 
from 0 to $200 is inappropriately interpreted the same way as an increase of $200 from $10,000 
to $10,200.  Relative change in expenditures is an alternative method. However, under this 
approach, an increase from $100 to $200 would produce a change of 100% relative to the 
baseline value, whereas the same absolute change in the opposite direction (i.e., a decrease from 
$200 to $100) would produce a change of 50%.   This study used a method known as “log-
change ratio” (Lorenzez G., 1989; Helmer et al, 2007), by which the ratio of Year 3 expenditures 
to Year 2 expenditures was computed, and then the log of this ratio calculated.  Because zeros in 
baseline expenditures (division by zero) or follow-up expenditures will produce undefined values 
a minimal constant ($1) was added to all zero expenditures to ensure defined values for the log-
change ratio without compromising the magnitude of the ratio(log of zero is undefined). For the 
present study, the log-ratio served as the dependent variable for primary analysis.   
 
Relative Changes in Expenditures:  Percent Change Categories 
 
 Levels of expenditure change were 1) no expenditures at year 2 or at Year 3; 2)greater 
than 10% decrease in expenditures from Year 2 to Year 3;  3)greater  than 10% increase in 
expenditures from Year 2 to Year3; and  4)minimal variation, that represents changes in 
expenditures in either direction that are less than 10%.   Ten percent was chosen as an arbitrary 
threshold for variation. However, different levels of percent change were analyzed (data not 
presented).  For the sensitivity analysis a multinomial logistic regression on levels of expenditure 
change by BMI change groups was performed. For the analyses, minimal variation served as the 




Comparing Expenditures across Different Years:  Conversion to Constant Dollars 
 
Comparisons of monetary values cannot be made across years due to inflation.  Monetary 
values may be adjusted to account for inflation and changes in purchasing power over time. In all 
analyses expenditures were transformed to constant dollars and represented in 2005 dollars using 
the annual consumer price index (CPI) for medical care services available from the Bureau of 
Labor Statistics (http://data.bls.gov/cgi-bin/surveymost, Accessed June 01, 2010).  The Medical 
CPI accounts for inflation across the following sectors: professional services, hospital and related 
services, health insurance, medicinal drugs, and medical equipment/ supplies (BLS, 2010).   
 
 
Key Independent Variable 
 
Body Mass Index Categories:   
The MCBS collects information on respondents’ weight ( in pounds) and height (in 
inches).  Body Mass Index (BMI) was calculated from these measures using the commonly used 
formula (CDC, 2009): BMI (kg/m2) = weight (kg) / height (m2
Following the Center for Disease Control’s criterion (CDC, 2009) BMI was categorized 
into the following groups: 
). 
1. underweight (BMI<18.5 kg/m2
2. normal weight (18.5 to 24.9 kg/m
) 
2
3. overweight (25-29.9 kg/m
) 
2
4. obese (BMI 30-34.9 kg/m
) 
2
5. morbidly obese (BMI >35 kg/m
) and  
2




Changes in Body Mass Index Categories:  
 Changes in body mass index were measured between Year 1 and Year 2. They were then 
grouped into the following categories and used to predict expenditures in follow-up years. 
1) Stayed normal (BMI 18.5-24.9 kg/m2




3) Stayed overweight (BMI between 25 and 29.9 kg/m
, where the resulting BMI belongs to a category lower than that of baseline).  
2
4) Stayed obese (BMI greater than or equal to 30 kg/m
 in baseline and follow-up years). 
2
5) BMI gain (increase in BMI category in individuals with baseline BMI > 18.5 kg/m
 in baseline and follow-up years) 
2
6) Stayed Underweight/Other (BMI < 18.5 kg/m
, 
where the resulting BMI belongs to a category higher than that of baseline) 
2
The group “BMI loss” included individuals whose moved to a lower category of BMI 
between Year 1 and Year 2.   For example, an individual moving from obese to overweight or 
from obese to normal BMI would have experienced BMI loss. Similarly, “BMI gain” included 
individuals who moved to a higher BMI category. For example, an individual moving from 
normal weight to overweight or overweight  to obese would have experienced BMI gain. 
 in baseline and follow-up years/weight 
changes not defined by previous categories) 
 
 
Other Independent Variables 
Predisposing: 
• gender (women, men)  
• race/ethnicity (white, African American, Latina, other) 






• metropolitan status (metro versus non-metro) 
 
Enabling: 
• education (less than high school, high school, greater than high school) 
• poverty status (as a percentage of the Federal Poverty Level (FPL), less than 200% FPL, 
greater than 200% FPL) 
•  having supplemental private insurance (yes/no) 
• dually enrolled in Medicaid (yes/no)  
Life style /Risk factors:  
• smoking status (current, past, never) 
 
Need Variables/Competing Demand:   
 
History of depression and medical illnesses were derived from both self-report and Medicare 
claims data. 
• Self-reported general health (excellent/very good, good, fair/poor) 
• Activities of Daily Living (ADL) Limitations (Functional status is a scale reflecting 
health related difficulty with six activities.  The number of reported limitations was 
recorded.) 
•  Instrumental Activities of Daily Living (IADL)  
• Limitations (Functional status is a scale reflecting health related difficulty with six 
activities. The number of reported limitations was recorded.) 
• history of medical illness 
• history of depression 
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• history of mental illness 
Note: ADL ranged from basic self-care tasks such as bathing, dressing, eating, getting to the 
toilet; IADLs consisted of physically demanding tasks such as heavy housework and managing 
money.  Dummy variables for history of medical illness, indicated the presence or absence of 
physical health conditions.  These were derived from a list of conditions (eg. arthritis, cancer, 
diabetes, heart disease, hypertension, stroke, respiratory disease, osteoporosis, and any mental 
illness). Depression was defined by both self-report and Medicare fee-for-service claims with 
ICD9 codes for depression.  These diseases/conditions were chosen for their prevalence in elder 
populations, and for their association with overweight/obesity (See Introduction).  In addition, 
these conditions have been shown to increase healthcare expenditures (Charlson et al., 2007; 
Vogeli et al., 2007). 
Statistical analyses included both bivariate and multivariate analyses and are described 






The Chi-square test of independence was used to determine significance between BMI change 
categories and subject characteristics. 
F-tests were used to test significant differences in average expenditures by changes in BMI 





Multinomial Logistic Regression was used to analyze the relationships between BMI change 




OLS regressions were used in which expenditures were modeled by changes in BMI, while 
controlling for other independent variables. Expenditures were transformed on a natural 
logarithmic scale to minimize errors due to non-normality.   The models for analyses had the 
following functional forms: 
Ordinary Least Squares (OLS) Regressions 
 
*Log-ratio EXP = f (BMIchangei + X1i . . . .Xni) +єi  
 
  
EXP = f (BMIchangei ) +єi
 
  
ln EXP = f (BMIchangei + X1i . . . .Xni) +єi  
where,  EXP = expenditures, X1 . . .Xn are all independent variables, and “*” = primary analysis 
   
Sensitivity Analysis: 
 
 Due to the longitudinal nature of the MCBS, the number of observations per person 
varied from a minimum of one to a maximum of three, producing an unbalanced design.   While 
the study’s primary analyses used “balanced panel” requiring Medicare beneficiaries to be 
observed for all 12 rounds of interviews (i.e 3 years), this approach did not utilize all the 
information available and excluded individuals with only two years of observations.   Therefore, 
to minimize the loss of information sensitivity analyses were also conducted.  These analyses 
utilized repeated measures with an unbalanced design.  Under this approach, the unit of 
observation was the person year  and repeated observations (2 or 3) of expenditures, BMI and 
other independent variables were used.  This analytical technique has been used in prior studies 
on trends in diagnosed depression (Sambamoorthi et al., 2005; Crystal et al., 2003) and end-of-
life expenditures among the elderly (Hoover et al., 2002). Both studies have used the MCBS and 
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pooled multiple years of observations. For the sensitivity analysis a multinomial logistic 
regression on levels of expenditure change by BMI change groups was performed. 
All analyses controlled for the complex sample design of MCBS and were conducted 








RESULTS AND DISCUSSION 
 
A description of baseline characteristics of the analytical sample can be found in Table 1.  
At baseline, the analytical sample (n= 10,698) was mostly female (58%), Caucasian (81%), and 
of the age group 65-69 years (31%).  Most individuals were married (57%) and lived within a 
metro community (77%).  More individuals had only a high school education (37%), and there 
was an even split between individuals living below 200% federal poverty (49%) and those above 
(51%). A small proportion of the sample was enrolled in Medicaid (10%), and those with private 
insurance or an HMO represented 67 % and 28% respectively.  A third of the sample, reported 
having excellent physical health (33%). Accordingly, the majority of individuals reported no 
functional limitations. Those with no limitations by ADL or IADLs comprised 76% of the 
sample. History of chronic disease/illness formed the following distribution; arthritis (59%), 
cancer (68%), heart disease (35%) hypertension (58%), stroke (10%), respiratory diseases (13%), 
osteoporosis (18%), any mental illness (10%) and baseline depression (13%).  Also, at baseline, 
2.1% were underweight, 36.8% normal weight, 39.7% overweight, 19.7% obese, and 1.7% 







Description of Sample Characteristics 
Medicare Current Beneficiary Survey 
2000 - 2005 
  N % 
ALL 10,698 100.0 
Body Mass Index-Base   
 Underweight 247 2.1 
 Normal 4,070 36.8 
 Over weight 4,208 39.7 
 Obese 2,002 19.7 
 Morbidly obese 171 1.7 
Body Mass Index-Follow-up   
 Underweight 281 2.4 
 Normal 4,116 37.0 
 Over weight 4,171 39.6 
 Obese 1,971 19.5 
 Morbidly obese 159 1.6 
Panel   
 2000-2002 2,757 25.1 
 2001-2003 2,745 25.6 
 2002-2004 2,562 23.8 
 2003-2005 2,634 25.5 
Gender   
 Women 6,108 57.7 
 Men 4,590 42.3 
Race/Ethnicity   
 White 8,660 81.1 
 African American 875 7.9 
 Latina 750 7.1 
 Other 399 4.0 
Age    
 65 – 69 2,550 30.6 
 70-74 2,326 23.0 
 75-79 2,328 22.5 
 85+ 3,494 23.9 
Marital Status   
 Married 5,829 56.8 
 Widowed 3,769 32.1 
 Div/Separated 790 8.1 




Description of Sample Characteristics 
Medicare Current Beneficiary Survey 
2000 - 2005 
  N % 
Metro Status   
 Metro 7,792 76.5 
 Non-metro 2,905 23.5 
Education   
 LT HS 3,348 29.2 
 HS 3,871 36.7 
 Some College 1,509 14.8 
 College 1,940 19.3 
Poverty Status   
 LT 200%  FPL 5,480 49.1 
 GE 200% FPL 5,218 50.9 
Usual Source of Care   
 Yes  10,139 96.4 
 No 370 3.6 
Medicaid   
 Yes 1,172 10.3 
 No 9,526 89.7 
Private Insurance   
 Yes 7,126 66.7 
 No 3,572 33.3 
HMO   
 Yes 2,796 27.7 
 No 7,902 72.3 
General Health   
 Excellent 1,825 17.7 
 Very Good 3,120 30.2 
 Good 3,542 32.9 
 Fair  1,710 15.1 
 Poor 459 4.1 
Functional Status (ADL)   
 Not limited 7,866 76.2 
 1-2 1,999 17.1 
 3 and above 821 6.7 
Functional Status (IADL)   
 Not limited 7,878 76.0 
 1-2 2,172 18.9 
 3 and above 636 5.1 




Description of Sample Characteristics 
Medicare Current Beneficiary Survey 
2000 - 2005 
  N % 
Smoking   
 Current Smoker 1,071 10.7 
 Past smoker 5,140 48.2 
 Never Smoked 4,470 41.1 
Arthritis   
 Yes 6,436 59.0 
 No 4,262 41.0 
Cancer   
 Yes 3,567 32.1 
 No 7,131 67.9 
Diabetes   
 Yes 1,965 18.3 
 No 8,733 81.7 
Heart Disease   
 Yes 3,960 35.1 
 No 6,738 64.9 
Hypertension   
 Yes 6,275 57.7 
 No 4,423 42.3 
Stroke   
 Yes 1,158 9.9 
 No 9,540 90.1 
Respiratory Diseases   
 Yes 1,420 13.1 
 No 9,278 86.9 
Osteoporosis   
 Yes 2,047 18.4 
 No 8,651 81.6 
Any Mental Illness   
 Yes 1,096 10.2 
 No 9,602 89.8 
Depression Year 1   
 Yes 1,374 13 
 No 9,324 88 
Depression Year 2   
 Yes 1,719 16 
 No 8,979 84 





Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no 
missing body mass index values and were first included in the survey between 2000 and 2003.  
Body Mass Index categories were defined as follows: underweight (BMI<18.5 kg/m2), normal weight (BMI 18.5 to 
24.9 kg/m2), overweight (BMI 25-29.9 kg/m2) obese (BMI 30-34.9 kg/m2) and morbidly obese (BMI >35 kg/m2
Table 1 
). 
Poverty categories indicate greater than (GT) or less than (LT) 200% of the Federal Poverty Line (FPL) in base year. 
Description of Sample Characteristics 
Medicare Current Beneficiary Survey 
2000 - 2005 
 N % 
Depression Year 3   
   
 Yes 1,789 16 




Table 2  
Sample Characteristics by BMI Change Categories  
Medicare Current Beneficiary Survey 2000-2005 
  
Stayed Normal BMI Loss Stayed Overweight Stayed Obese BMI Gain Stayed Underweight/Other 
   
  
N  % N % N % N  % N  % N % 
   
  
3,465 31.3 982 9.0 3,330 31.6 1,696 16.8 867 8.2 358 3.0 Chi-sq P-val Sig 
Panel 




2000-2002 909 25.4 257 25.6 860 25.3 409 23.7 222 24.5 100 26.7 
   
 
2001-2003 914 26.6 244 24.1 862 26.1 414 24.1 218 25.1 93 25.7 
   
 
2002-2004 796 22.6 232 23.8 781 23.3 452 26.9 225 24.9 76 21.9 
   
 
2003-2005 846 25.4 249 26.5 827 25.4 421 25.3 202 25.5 89 25.7 
   Gender 
            
198.411 0.000 *** 
 
Women 2,148 62.9 586 59.8 1,578 48.0 1,023 61.8 500 57.7 273 75.9 
   
 
Men 1,317 37.1 396 40.2 1,752 52.0 673 38.2 367 42.3 85 24.1 
   Race/Ethnicity 
            
80.370 0.000 *** 
 
White 2,836 81.5 767 78.7 2,751 82.9 1,346 79.7 673 78.1 287 80.3 
   
 
African 
American 214 5.9 98 9.8 248 7.3 197 11.0 87 9.0 31 8.2 
   
 
Latina 241 7.1 84 8.4 226 6.9 108 6.6 68 8.2 23 5.8 
   
 
Other 170 5.5 32 3.2 100 3.0 44 2.7 38 4.7 15 5.7 
   Age 
             
330.086 0.000 *** 
 
65 – 69 649 25.0 224 29.2 870 33.1 536 38.3 225 32.1 46 19.2 
   
 
70-74 640 20.4 196 21.8 765 23.7 488 28.2 190 23.5 47 16.3 
   
 
75-79 766 23.8 215 22.7 743 22.7 349 20.1 196 22.8 59 19.0 
   
 
85+ 1,410 30.8 347 26.3 952 20.6 323 13.4 256 21.5 206 45.6 
   Marital Status 
            
109.011 0.000 *** 
 
Married 1,761 53.3 508 54.2 2,029 63.0 957 57.5 449 54.1 125 39.2 
   
 
Widowed 1,339 35.1 372 34.0 999 27.5 553 31.1 315 33.3 191 47.9 
   
 
Div/Separated 256 8.3 82 9.7 224 7.2 131 8.2 72 8.8 25 7.6 
   
 
Never Married 109 3.4 20 2.1 77 2.3 55 3.2 31 3.9 17 5.3 
   Continued…. 
               
33 
 
Table 2  
Sample Characteristics by BMI Change Categories  
Medicare Current Beneficiary Survey 2000-2005 
  
Stayed Normal BMI Loss Stayed Overweight Stayed Obese BMI Gain Stayed Underweight/Other 
   
  
N  % N % N % N  % N  % N % 
   
  
3,465 31.3 982 9.0 3,330 31.6 1,696 16.8 867 8.2 358 3.0 Chi-sq P-val Sig 
                 Metro Status 
            
28.823 0.000 *** 
 
Metro 2,650 79.6 700 74.7 2,392 76.0 1,172 73.1 621 74.9 257 76.2 
   
 
Non-metro 815 20.4 282 25.3 938 24.0 523 26.9 246 25.1 101 23.8 
   Education 
            
66.085 0.000 *** 
 
LT HS 994 26.9 329 31.7 1,021 28.6 566 30.7 320 34.8 118 29.6 
   
 
HS 1,266 36.7 380 39.0 1,151 34.8 643 39.3 287 34.7 144 41.4 
   
 
Some College 503 14.8 129 13.8 478 15.1 234 15.0 116 13.4 49 15.7 
   
 
College 687 21.5 142 15.5 677 21.5 248 15.1 142 17.1 44 13.3 
   Poverty Status 
            
71.660 0.000 *** 
 
LT 200%  FPL 1,739 48.0 560 55.1 1,552 44.1 921 52.5 480 54.0 228 61.6 
   
 
GE 200% FPL 1,726 52.0 422 44.9 1,778 55.9 775 47.5 387 46.0 130 38.4 
   Usual Source of Care 
            
16.766 0.005 ** 
 
Yes  3,250 95.7 931 97.2 3,170 96.2 1,632 97.5 830 97.5 326 94.0 
   
 
No 144 4.3 29 2.8 116 3.8 43 2.5 20 2.5 18 6.0 
   Medicaid 
            
34.952 0.000 *** 
 
Yes 347 9.8 126 11.6 294 8.3 224 12.3 122 13.3 59 14.2 
   
 
No 3,118 90.2 856 88.4 3,036 91.7 1,472 87.7 745 86.7 299 85.8 
   Private Insurance 
            
25.144 0.000 *** 
 
Yes 2,334 67.2 602 61.2 2,295 68.8 1,130 67.2 548 63.9 217 61.9 
   
 
No 1,131 32.8 380 38.8 1,035 31.2 566 32.8 319 36.1 141 38.1 
   HMO 
            
15.790 0.007 ** 
 
Yes 892 26.8 290 31.7 902 29.1 420 26.3 214 25.8 78 23.4 
   
 
No 2,573 73.2 692 68.3 2,428 70.9 1,276 73.7 653 74.2 280 76.6 
   Continued…. 
               
34 
 
Table 2  
Sample Characteristics by BMI Change Categories  
Medicare Current Beneficiary Survey 2000-2005 
  
Stayed Normal BMI Loss Stayed Overweight Stayed Obese BMI Gain Stayed Underweight/Other 
   
  
N  % N % N % N  % N  % N % 
   
  
3,465 31.3 982 9.0 3,330 31.6 1,696 16.8 867 8.2 358 3.0 Chi-sq P-val Sig 
                General Health 
            
221.065 0.000 *** 
 
Excellent 662 19.7 152 15.3 623 20.1 188 11.0 145 18.1 55 14.6 
   
 
Very Good 1,087 32.4 265 28.9 1,020 31.4 447 28.0 220 25.8 81 23.8 
   
 
Good 1,080 31.1 334 33.8 1,137 33.3 591 34.8 294 34.1 106 31.4 
   
 
Fair  486 13.0 176 17.5 451 12.8 376 21.2 153 16.0 68 18.8 
   
 
Poor 137 3.8 49 4.6 89 2.5 89 5.1 51 6.0 44 11.4 
   Functional Status (ADL) 
            
213.462 0.000 *** 
 
Not limited 2,687 80.2 697 73.6 2,597 80.6 1,050 65.0 616 74.1 219 64.6 
   
 
1-2 541 14.1 203 19.3 547 14.7 454 24.8 175 18.4 79 21.6 
   
 
3 and above 232 5.7 80 7.1 184 4.7 191 10.3 75 7.5 59 13.9 
   Functional Status (IADL) 
           
160.163 0.000 *** 
 
Not limited 2,620 78.0 703 74.0 2,605 80.5 1,121 68.3 625 74.4 204 60.6 
   
 
1-2 638 16.9 228 21.2 587 16.0 438 24.6 179 19.6 102 27.3 
   
 
3 and above 202 5.0 49 4.8 136 3.4 136 7.1 62 6.0 51 12.1 
   Smoking 
            
146.278 0.000 *** 
 
Current 
Smoker 434 13.5 82 9.4 292 10.0 109 6.4 81 8.9 73 23.7 
   
 
Past smoker 1,517 43.7 470 48.0 1,731 51.5 885 52.8 409 47.9 128 34.3 
   
 
Never 
Smoked 1,506 42.7 427 42.6 1,304 38.5 702 40.7 375 43.2 156 41.9 
   Arthritis 
            
139.790 0.000 *** 
 
Yes 1,873 53.2 622 61.4 1,993 58.3 1,209 70.8 539 59.0 200 53.4 
   
 
No 1,592 46.8 360 38.6 1,337 41.7 487 29.2 328 41.0 158 46.6 
   Continued… 
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Table 2  
Sample Characteristics by BMI Change Categories  
Medicare Current Beneficiary Survey 2000-2005 
  
Stayed Normal BMI Loss Stayed Overweight Stayed Obese BMI Gain Stayed Underweight/Other 
   
  
N  % N % N % N  % N  % N % 
   
  
3,465 31.3 982 9.0 3,330 31.6 1,696 16.8 867 8.2 358 3.0 Chi-sq P-val Sig 
                Cancer 




Yes 1,154 32.3 315 30.3 1,162 33.4 542 30.5 275 31.1 119 34.0 
   
 
No 2,311 67.7 667 69.7 2,168 66.6 1,154 69.5 592 68.9 239 66.0 
   Diabetes 
            
428.515 0.000 *** 
 
Yes 383 10.8 225 22.2 579 16.7 584 34.5 179 20.3 15 4.5 
   
 
No 3,082 89.2 757 77.8 2,751 83.3 1,112 65.5 688 79.7 343 95.5 
   Heart Disease 
            
13.187 0.022 * 
 
Yes 1,204 32.8 369 35.7 1,248 35.6 665 37.6 344 36.6 130 34.5 
   
 
No 2,261 67.2 613 64.3 2,082 64.4 1,031 62.4 523 63.4 228 65.5 
   Hypertension 
            
272.208 0.000 *** 
 
Yes 1,745 49.0 641 64.7 1,939 56.8 1,221 71.1 561 64.0 168 45.6 
   
 
No 1,720 51.0 341 35.3 1,391 43.2 475 28.9 306 36.0 190 54.4 
   Stroke 
            
11.505 0.042 * 
 
Yes 395 10.6 123 11.7 326 9.0 166 8.7 101 10.6 47 11.7 
   
 
No 3,070 89.4 859 88.3 3,004 91.0 1,530 91.3 766 89.4 311 88.3 
   Respiratory Diseases 
            
42.533 0.000 *** 
 
Yes 416 12.1 113 11.8 409 11.9 272 15.8 130 14.2 80 22.9 
   
 
No 3,049 87.9 869 88.2 2,921 88.1 1,424 84.2 737 85.8 278 77.1 
   Osteoporosis 
            
151.547 0.000 *** 
 
Yes 813 22.9 169 16.2 491 14.3 289 16.7 152 16.0 133 37.0 
   
 
No 2,652 77.1 813 83.8 2,839 85.7 1,407 83.3 715 84.0 225 63.0 
   Any Mental Illness 
            
26.051 0.000 *** 
 
Yes 336 9.5 101 10.0 290 8.9 223 12.9 103 12.3 43 12.9 
   
 
No 3,129 90.5 881 90.0 3,040 91.1 1,473 87.1 764 87.7 315 87.1 
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Table 2  
Sample Characteristics by BMI Change Categories  
Medicare Current Beneficiary Survey 2000-2005 
  
Stayed Normal BMI Loss Stayed Overweight Stayed Obese BMI Gain Stayed Underweight/Other 
   
  
N  % N % N % N  % N  % N % 
   
  
3,465 31.3 982 9.0 3,330 31.6 1,696 16.8 867 8.2 358 3.0 Chi-sq P-val Sig 
                 Depression Year 1 
            
39.204 0.000 *** 
 
Yes 430 12.1 129 12.6 359 10.4 247 14.1 144 16.8 65 18.5 
   
 
No 3,035 87.9 853 87.4 2,971 89.6 1,449 85.9 723 83.2 293 81.5 
   Depression Year 2 
            
37.490 0.000 *** 
 
Yes 523 14.7 192 18.7 451 13.2 313 18.1 155 17.1 85 22.6 
   
 
No 2,942 85.3 790 81.3 2,879 86.8 1,383 81.9 712 82.9 273 77.4 
   Depression Year 3 
            
29.552 0.000 *** 
 
Yes 567 15.9 183 18.2 479 13.7 313 17.7 165 17.8 82 22.6 
   
 
No 2,898 84.1 799 81.8 2,851 86.3 1,383 82.3 702 82.2 276 77.4 
    
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no missing body mass index values and were first 
included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-24.9 kg/m2) at baseline and follow-up; BMI 
gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. 
overweight, obese, morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at baseline  who moved to a lower 
BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; 
Stayed Obese- Individuals with obese BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight BMI 
(<18.5 kg/m2
Chisq = Chi square test for independence;  *** = p< 0.001;  ** 0.001 ≤ p ≤ 0.01; * 0.01 ≤ p ≤ 0.05 
) at base line and follow-up as well as those with weight changes not defined by the categories above.  
37 
 
Subgroup differences in BMI change categories: Bivariate Analysis 
 
The bivariate analysis between groups of BMI change categories showed significant 
differences between groups for all independent variables tested with the exception of cancer 
history. Individuals with or without a history of cancer were no more likely to belong to any BMI 
change category. Results showed that 31% of the study sample maintained a normal BMI from 
baseline through follow up, 9% experienced BMI loss, 31.6 % stayed overweight, 16.8 % stayed 
obese, 8.2 % experienced BMI gain, and the remaining 3% either stayed under weight or had 
some other weight change undefined by the previous categories (Table 2). 
Subgroup differences in BMI change Categories: Multinomial Logistic Regression 
Table 3 presents the multinomial logistic regression on BMI change categories and 
selected independent variables with stayed normal as the BMI reference category for the 
dependent variable.   
Predisposing - Compared to males, females were significantly less likely to belong to all 
BMI categories, with the exception of stayed underweight/other, for which females were 71% 
more likely to have stayed underweight/other [AOR 1.71, 95% CI 1.20-2.42]. Compared to their 
white counterparts, individuals of African American race were more likely to experience BMI 
loss or to have stayed obese [AOR 1.47, 95% CI 1.10-1.95; AOR 1.67 95% CI 1.33-2.11].  
Compared to their white counterparts, individuals of other race, were less likely to belong to 
BMI loss, stayed overweight and stayed obese categories [AOR 0.53, 95% CI 0.35-0.81; AOR 
0.50 95% CI 0.38-0.67; AOR 0.42 95% CI 0.29-0.62].  Compared to individuals ages 65 -69 
years, those ages 70-74 were less likely to stay overweight or obese [AOR 0.82, 95% CI 0.70-
0.95; AOR 0.78 95% CI 0.66-0.91]. In addition to stayed overweight and obese, individuals 
ages 75-79 were also less likely to belong to BMI loss or BMI gain [AOR 0.72, 95% CI 0.55-
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0.93; AOR 0.63 95% CI 0.48-0.83]. Finally, compared to individuals ages 65-69, those 80 and 
older were less likely to belong to all BMI categories, except for stayed underweight/other, for 
which the risk was nearly 90% higher [AOR 1.89, 95% CI 1.33-2.67].  Individuals who were 
never married were less likely to stay overweight and twice as likely to stay underweight/other  
as compared to those were married [AOR 0.63, 95% CI 0.47-0.85; AOR 2.01 95% CI 1.09-
3.71]. Individuals living in non-metro areas were more likely to belong to BMI loss, stayed 
overweight, stayed obese and BMI gain [AOR 1.30, 95% CI 1.05-1.60; AOR 1.17 95% CI 
1.03-1.34; AOR 1.32 95% CI 1.14-1.51; AOR 1.25 95%CI 1.00-1.57]. 
Enabling Variables-   Education had significant effects on the odds of belonging to most 
BMI categories. Compared to those with a college education, individuals with less than high 
school education were more likely to belong to all BMI categories except for stayed 
underweight.  Individuals with a high school education were 38% more likely to experience BMI 
loss and 53% more likely to stay obese than those with a college education [AOR 1.38 95%CI 
1.07-1.79; AOR 1.53 95% CI 1.22-1.94]. Compared to those with a college education, those 
with some college education were 46% more likely to have stayed obese [AOR 1.46, 95% CI 
1.11-1.91].  No significant results were found when comparing poverty categories less than 
200% FPL and greater than 200% FPL.  Although, Medicaid status also revealed non-significant 
findings, individuals without private health insurance, were more likely to experience BMI loss 
[AOR 1.21, 95% CI 1.01-1.44].   
Lifestyle/Risk Variables- Compared to those reporting excellent health, those reporting 
very good health were 55% more likely to stay obese [AOR 1.55, 95% CI 1.24-1.92]. 
Individuals reporting good health were 33% and 83% more likely to have BMI loss or stay obese 
[AOR 1.33, 95% CI 1.06-1.66; AOR 1.83, 95% CI 1.47-2.28]. Individuals reporting poor 
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health were less likely to stay overweight, and were the only health group to be three times more 
likely to stay underweight/other [AOR 0.61, 95% CI 0.44-0.85; AOR 2.97, 95% CI 1.81-4.88]. 
Compared to those who never smoked, current smokers were less likely to belong to all BMI 
categories with the exception of stayed underweight, for which current smokers were more than 
twice as likely to stay underweight [AOR 2.46, 95% CI 1.73-3.51]. 
Need/Competing Demand- Results for history of chronic disease were not reported since 
the literature has extensively shown the association of these conditions with overweight and 
obesity.  However, results for functional status are presented.  Compared to those reporting no 
functional limitations, those reporting 1-2 ADL limitations were more likely to experience BMI 
loss, stay overweight, stay obese, or experience BMI gain [AOR 1.47, 95% CI 1.22-1.78; AOR 
1.29 95% CI 1.09-1.53; AOR 2.58 95% CI 2.11-3.15; AOR 1.53 95%CI 1.23-1.90]. As 
expected, individuals reporting 3-6 functional limitations were more likely t o stay obese, 
experience BMI gain or stay overweight/other. Compared to those with no limitations, 
individuals reporting 3-6 limitations were nearly 3 times as likely to stay obese, have a 44% 
increased risk of BMI gain, and have a 62% increased risk of staying underweight/other [AOR  







Adjusted Odds Ratios and 95% Confidence Intervals from 
Multinomial Logistic Regression on Body Mass Index Change Categories 
Medicare Current Beneficiary Survey 2000-2005 












 AOR 95% CI Sig AOR 95% CI Sig AOR 95% CI Sig AOR 95% CI Sig AOR 95% CI Sig 
Panel                
2001-03  0.90 [0.73,1.11]  0.98 [0.84,1.14]  0.94 [0.77,1.15]  0.97 [0.76,1.22]  0.92 [0.68,1.25]  
2002-04  1.07 [0.86,1.34]  1.05 [0.90,1.22]  1.31 [1.06,1.62] * 1.15 [0.91,1.47]  0.95 [0.67,1.35]  
2003-05  1.05 [0.84,1.32]  1.00 [0.86,1.17]  1.08 [0.88,1.32]  1.03 [0.82,1.29]  0.94 [0.67,1.32]  
Gender                 
Female       0.81 [0.68,0.97] * 0.55 [0.48,0.62] *** 0.85 [0.72,1.00]  0.73 [0.60,0.90] ** 1.71 [1.20,2.42] ** 
Race/Ethnicity               
 
AA      1.47 [1.10,1.95] ** 1.25 [0.99,1.58]  1.67 [1.33,2.11] *** 1.32 [0.94,1.85]  1.18 [0.74,1.87]  
Latino  1.00 [0.74,1.35]  0.93 [0.73,1.19]  0.79 [0.58,1.10]  0.98 [0.72,1.32]  0.76 [0.49,1.19]  
Other race  0.53 [0.35,0.81] ** 0.50 [0.38,0.67] *** 0.42 [0.29,0.62] *** 0.76 [0.52,1.12]  1.10 [0.60,2.02]  
Age Groups               
70-74 0.86 [0.67,1.10]  0.82 [0.70,0.95] ** 0.78 [0.66,0.91] ** 0.83 [0.65,1.06]  1.13 [0.72,1.79]  
75-79  0.72 [0.55,0.93] * 0.65 [0.55,0.76] *** 0.40 [0.33,0.48] *** 0.63 [0.48,0.83] *** 1.12 [0.73,1.72]  
 80 + 0.57 [0.45,0.73] *** 0.44 [0.37,0.51] *** 0.16 [0.13,0.20] *** 0.40 [0.31,0.52] *** 1.89 [1.33,2.67] *** 
Marital Status               
 Widowed  1.02 [0.84,1.23]  0.98 [0.85,1.12]  1.04 [0.89,1.22]  1.11 [0.90,1.37]  1.17 [0.85,1.62]  
 Div/Sep  1.06 [0.78,1.44]  0.80 [0.63,1.02]  0.81 [0.61,1.08]  1.01 [0.73,1.38]  1.04 [0.61,1.76]  
 Other 0.61 [0.35,1.05]  0.63 [0.47,0.85] ** 0.97 [0.67,1.39]  1.20 [0.71,2.03]  2.01 [1.09,3.71] * 
Metro Status               
Not Metro 1.30 [1.05,1.60] * 1.17 [1.03,1.34] * 1.32 [1.14,1.51] *** 1.25 [1.00,1.57] * 1.22 [0.96,1.55]  
                
Continued…                




Adjusted Odds Ratios and 95% Confidence Intervals from 
Multinomial Logistic Regression on Body Mass Index Change Categories 
Medicare Current Beneficiary Survey 2000-2005 












 AOR 95% CI Sig AOR 95% CI Sig AOR 95% CI Sig AOR 95% CI Sig AOR 95% CI Sig 
Education                
LT HS      1.36 [1.02,1.81] * 1.31 [1.09,1.57] ** 1.55 [1.20,2.02] *** 1.50 [1.14,1.99] ** 1.02 [0.63,1.66]  
 HS         1.38 [1.07,1.79] * 1.11 [0.96,1.29]  1.53 [1.22,1.94] *** 1.18 [0.91,1.55]  1.30 [0.84,2.02]  
 some 
college 1.22 [0.89,1.67]  1.10 [0.92,1.32]  1.46 [1.11,1.91] ** 1.12 [0.84,1.50]  1.52 [0.90,2.55]  
Poverty                
LT 200%  1.17 [0.96,1.43]  0.96 [0.85,1.10]  1.13 [0.96,1.33]  1.14 [0.94,1.38]  1.28 [0.97,1.68]  
Medicaid                    
Medicare 0.90 [0.67,1.21]  1.01 [0.82,1.24]  1.06 [0.82,1.38]  1.10 [0.80,1.51]  0.95 [0.63,1.44]  
Private Insurance               
No Pvt.Ins 1.21 [1.01,1.44] * 0.94 [0.83,1.06]  0.87 [0.75,1.02]  0.99 [0.82,1.19]  1.11 [0.85,1.46]  
Health Status               
 Very good 1.15 [0.91,1.46]  0.99 [0.85,1.14]  1.55 [1.24,1.92] *** 0.89 [0.70,1.14]  0.96 [0.65,1.40]  
 Good       1.33 [1.06,1.66] * 1.10 [0.94,1.28]  1.83 [1.47,2.28] *** 1.16 [0.91,1.48]  1.19 [0.83,1.70]  
 Fair       1.49 [1.09,2.02] * 1.01 [0.82,1.24]  2.19 [1.66,2.88] *** 1.16 [0.88,1.52]  1.49 [1.00,2.23]  
 Poor     1.20 [0.74,1.93]  0.61 [0.44,0.85] ** 1.38 [0.92,2.09]  1.32 [0.84,2.06]  2.97 [1.81,4.88] *** 
Functional Status              
 1-2 ADL  1.47 [1.22,1.78] *** 1.29 [1.09,1.53] ** 2.58 [2.11,3.15] *** 1.53 [1.23,1.90] *** 1.30 [0.96,1.77]  
 3-6 ADL  1.34 [0.96,1.85]  1.18 [0.93,1.50]  2.87 [2.23,3.69] *** 1.44 [1.04,1.99] * 1.62 [1.11,2.36] * 
Smoking                
Current  0.54 [0.39,0.74] *** 0.56 [0.45,0.68] *** 0.32 [0.25,0.41] *** 0.46 [0.35,0.62] *** 2.46 [1.73,3.51] *** 
 Past     1.02 [0.86,1.22]  1.01 [0.90,1.14]  1.13 [0.97,1.31]  0.97 [0.81,1.16]  1.03 [0.79,1.36]  




Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no missing body mass index values and were first 
included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-24. 9 kg/m2) at baseline and follow-up; BMI 
gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. 
overweight, obese, morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at baseline  who moved to a lower 
BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; 
Stayed Obese- Individuals with obese BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight BMI 
(<18.5 kg/m2
*** p < 0.001; ** 0.001 < p < 0.01; * 0.01 < p < 0.05




3-Year Trend in Expenditures  (Constant $ 2005) and  
Change in Body Mass Index Categories 
Mean and Standard Errors 
Medicare Current Beneficiary Survey, 2000 – 2005 
  Mean Expenditures  % Change 
  Year 1 Year 2 Year 3  Year 2-1 Year 3-2 Year 3-1 
Total         
 Stayed Normal 8,562 8,892 10,685  4% 20% 25% 
  (257.8) (272.9) (336.0)     
 BMI loss 8,602 12,970 12,661  51% -2% 47% 
  (566.2) (599.3) (649.2)     
 Stayed Overweight 8,033 8,511 10,522  6% 24% 31% 
  (236.0) (227.6) (368.4)     
 Stayed Obese 9,903 11,346 12,835  15% 13% 30% 
  (445.3) (544.5) (546.4)     
 BMI gain 10,907 9,710 13,693  -11% 41% 26% 
  (610.7) (618.0) (1,410.1)     
 Stayed underweight/other 9,142 10,515 14,111  15% 34% 54% 
        
Inpatient (804.5) (853.9) (1,181.9)     
 Stayed Normal 2,670 2,410 3,263  -10% 35% 22% 
  (1,70.5) (153.20 (208.8)     
 BMI loss 2,562 4,800 3,787  87% -21% 48% 
  (357.7) (356.0) (297.6)     
 Stayed Overweight 2,216 2,272 2,935  3% 29% 32% 
  (130.1) (132.80 (174.0)     
 Stayed Obese 2,678 3,308 3,876  24% 17% 45% 
  (255.6) (368.00 (323.0)     
 BMI gain 3,244 2,208 4,313  -32% 95% 33% 
  (339.0) (302.0) (737.7)     
 Stayed underweight/other 3,208 3,149 4,674  -2% 48% 46% 
 (478.5) (416.20 (685.3)     
        
Outpatient        
 Stayed Normal 933 972 988  4% 2% 6% 
  (53.4) (57.9) (49.9)     
 BMI loss 888 1,128 1373  27% 22% 55% 
  (88.2) (102.6) (148.6)     
 Stayed Overweight 1,025 923 1180  -10% 28% 15% 
  (66.2) (50.00 (87.9)     
 Stayed Obese 977 1,100 1342  13% 22% 37% 




3-Year Trend in Expenditures  (Constant $ 2005) and  
Change in Body Mass Index Categories 
Mean and Standard Errors 
Medicare Current Beneficiary Survey, 2000 – 2005 
  Mean Expenditures  % Change 
  Year 1 Year 2 Year 3  Year 2-1 Year 3-2 Year 3-1 
         
 BMI gain 1,403 1,262 1309  -10% 4% -7% 
  (223.6) (179.40 (202.7)     
 Stayed underweight/other 669 804 944  20% 17% 41% 
 (149.5) (153.0) (164.4)     
Prescription Drugs        
 Stayed Normal 1,386 1,582 1,533  14% -3% 11% 
  (29.3) (37.2) (31.5)     
 BMI loss 1,598 1,756 1,808  10% 3% 13% 
  (59.6) (62.1) (64.6)     
 Stayed Overweight 1,531 1,685 1,767  10% 5% 15% 
  (40.4) (43.9) (42.1)     
 Stayed Obese 2,092 2,296 2,352  10% 2% 12% 
  (56.6) (63.1) (70.1)     
 BMI gain 1,776 2,076 2,073  17% 0% 17% 
  (79.4) (88.3) (75.0)     
 Stay underweight/other 1,359 1,580 1,552  16% -2% 14% 
Dental  (82.7) (105.3) (104.3)     
 Stayed Normal 403 400 385  -1% -4% -4% 
  (23.2) (24.5) (20.6)     
 BMI loss 300 341 270  14% -21% -10% 
  (28.1) (34.1) (25.1)     
 Stayed Overweight 445 395 365  -11% -8% -18% 
  (26.9) (21.1) (17.7)     
 Stayed Obese 402 323 304  -20% -6% -24% 
  (33.2) (25.6) (28.9)     
 BMI gain 383 298 408  -22% 37% 7% 
  (42.6) (28.0) (128.2)     
 Stayed underweight/other 256 257 142  0% -45% -45% 
Other  (35.9) (56.6) (25.5)     
 Stayed Normal 3,169 3,529 4,517  11% 28% 43% 
  (110.7) (127.0) (159.4)     
 BMI loss 3,253 4,945 5,422  52% 10% 67% 
  (222.6) (325.5) (419.0)     
 Stayed Overweight 2,817 3,236 4,274  15% 32% 52% 




3-Year Trend in Expenditures  (Constant $ 2005) and  
Change in Body Mass Index Categories 
Mean and Standard Errors 
Medicare Current Beneficiary Survey, 2000 – 2005 
  Mean Expenditures  % Change 
  Year 1 Year 2 Year 3  Year 2-1 Year 3-2 Year 3-1 
 Stayed Obese 3,753 4,320 4,961  15% 15% 32% 
  (220.8) (273.3) (241.4)     
 BMI gain 4,101 3,866 5,590  -6% 45% 36% 
  (265.0) (251.2) (536.2)     
 Stayed underweight/other 3,650 4,726 6,799  29% 44% 86% 
  (319.7) (462.60 (644.5)     
         
 
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no 
missing body mass index values and were first included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-
24.9 kg/m2) at baseline and follow-up; BMI gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight 
BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. overweight, obese, 
morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at 
baseline  who moved to a lower BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- 
Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; Stayed Obese- Individuals with obese 
BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight 
BMI (<18.5 kg/m2
Numbers in parentheses indicate standard errors for the estimates above. 









Figure 4. Mean Annual Total and Component Healthcare Expenditures (Constant $ 2005) 
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Findings: Aim 1.1 Total Expenditures
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Findings: Aim 1.1 Inpatient Expenditures
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Findings: Aim 1.1 Outpatient Expenditures
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Findings: Aim 1.1 Prescription Expenditures













Year 1 Year 2 Year 3
Findings: Aim 1.1 Dental Expenditures
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Findings: Aim 1.1 Other Expenditures




FINDINGS: AIM 1.1 
Aim 1.1 How do the changes in BMI categories affect the total and specific components 
(inpatient, outpatient, prescription, dental and other) of expenditures?   
Description of Healthcare Expenditures (Table 4, Figure 4): 
Total Expenditures 
 Mean total expenditures increased from year 1 to year 3.  Individuals who stayed 
overweight had the lowest total expenditures at year 1 ($8,033), whereas the highest baseline 
expenditures were found among those who experienced BMI gain ($10,907).  In year 3, the 
lowest total expenditures were among those who stayed overweight ($10,522), followed closely 
by those who stayed normal ($10,685). The highest Year 3 expenditures were among those who 
stayed underweight/other ($14,111).  
Between Year 1 and 2, the highest rate of growth was seen for stayed underweight/other 
(54%), followed by BMI loss (47%).  Persons with BMI gain had total expenditures that were 
11% lower in Year 2. Between Year 2 and Year 3, the highest rate of increase was among those 
with BMI gain (41%). The lowest increase was among those who stayed normal (25%). 
Bivariate Association between Short-term Healthcare Expenditures and Change in BMI 
categories: (Table 5) 
 Compared to individuals maintaining normal BMI ($10,685), mean total expenditures 
were significantly higher for individuals in the BMI loss group ($12,661), stayed obese 




Description of Healthcare Expenditures (Table 4, Figure 4): 
Inpatient Expenditures 
Mean inpatient expenditures increased from Year 1 to Year 3. At baseline, individuals 
who stayed overweight had the lowest inpatient expenditures at baseline ($2,216), whereas the 
highest baseline expenditures were found among those who experienced BMI gain ($3,244). This 
mirrors what was observed for total expenditures.  In the final year of follow-up, the lowest 
inpatient expenditures were among those who stayed overweight ($2,935), and followed by those 
who stayed normal ($3,263). The highest Year 3 expenditures were among those who stayed 
underweight/other ($4,674), followed by BMI gain ($4,313). 
 Between Year 1 and 2, the highest rate of growth was seen for BMI loss (87%), 
followed by stayed obese (47%).  Inpatient expenditures decreased by 32% for individuals with 
BMI gain over this time period.  Between Year 2 and Year 3, the highest rate of increase was 
among those with BMI gain (95%), followed by stayed underweight/other (48%).  Individuals 
experiencing BMI loss had a decrease of 21% between Year 2 and Year 3.  
Bivariate Association between Short-term Healthcare Expenditures and Change in BMI 
categories: (Table 5) 
At Year 3, mean inpatient expenditures were significantly higher for stayed 






Description of Healthcare Expenditures (Table 4, Figure 4): 
Outpatient Expenditures 
Mean outpatient expenditures increased from Year 1 to Year 3. For individuals 
experiencing BMI gain, this was not the case, since mean outpatient expenditures were lower in 
Year 3 than at baseline ($1,309 v. $1,403).  At baseline, individuals who stayed 
underweight/other had the lowest outpatient expenditures ($669), whereas the highest baseline 
expenditures were found for those who experienced BMI gain ($1,403). In the final year of 
follow-up, the lowest outpatient expenditures were also among those who stayed underweight 
($944), followed closely by those who stayed normal ($988). The highest Year 3 expenditures 
were among those who experienced BMI loss ($1,373), followed by stayed obese ($1,342). 
 Between Year 1 and 2, the highest rate of growth was seen for BMI loss (27%), 
followed by stayed underweight (20%).  Inpatient expenditures decreased by 10% for both 
individuals who stayed overweight and those who experienced BMI gain. Between Year 2 and 
Year 3, the highest rate of increase was among those who stayed overweight (28%), followed by 
BMI loss and stayed obese (22%). The lowest increases over this period were seen among stayed 
normal (2%) and BMI gain (4%). 
 
Bivariate Association between Short-term Healthcare Expenditures and Change in BMI 
categories: (Table 5) 
 Compared to stayed normal ($988), mean follow-up outpatient changes were 
significantly higher for healthy loss ($1373) and stayed obese ($1342). When controlled for all 
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independent variables, individuals with BMI loss and BMI gain had outpatient expenditures that 
were 27.1% and 27.6% higher than individuals who stayed normal (Table 5). 
Description of Healthcare Expenditures (Table 4, Figure 4): 
Prescription Expenditures 
Mean prescription expenditures increased from baseline through Year 3. At baseline, 
individuals who stayed underweight/other or stayed normal had the lowest prescription 
expenditures ($1,359 and $1,386, respectively), whereas the highest baseline expenditures were 
found among those who stayed obese ($2,092). In the final year of follow-up, the lowest 
prescription expenditures were also among those who stayed normal ($1,533), followed by those 
who stayed underweight/other ($1,552). The highest Year 3 expenditures were among those who 
stayed obese ($2,352), followed by BMI gain ($2,073).  
Between Year 1 and 2, increases were seen for all BMI categories. Individuals with BMI 
gain had the largest increase for this time period (17%), whereas prescription expenditures 
increased by 10% for BMI loss, stayed overweight and stayed obese. Between the second and 
third years, prescription expenditures increased by 5% for individuals who stayed obese. 
Expenditures decreased by 3% for stayed normal and by 2% for stayed underweight. Individuals 
with BMI gain had prescription expenditures that remained constant between Years 2 and 3.  
Bivariate Association between Short-term Healthcare Expenditures and Change in BMI 
categories: (Table 5). 
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 At Year 3, mean prescription expenditures were significantly higher for individuals 
belonging to BMI loss ($1,808), stayed overweight ($1,767), stayed obese ($ 2,352) and BMI 
gain ($2,073) as compared to those who stayed normal ($1,533).    
Description of Healthcare Expenditures (Table 4, Figure 4): 
Dental Expenditures 
 Mean dental expenditures decreased from Year 1 to Year 3. The exception being BMI 
gain, for which dental expenditures increased ($383 v. $408). Individuals who stayed 
underweight/other had the lowest dental expenditures at baseline ($256), whereas the highest 
baseline expenditures were found among those who stayed overweight ($445). In the final year 
of follow-up, the lowest dental expenditures were among those who stayed underweight/other 
($142). The highest Year 3 expenditures were among those who experienced BMI gain ($408). 
 Between Year 1 and 2, dental expenditures increased by 14% among those with BMI 
loss. Individuals with BMI gain had dental expenditures that decreased by 22% between Year 1 
and Year 2.  Between Years 2 and 3, dental expenditures decreased for all groups except BMI 
gain, which saw an increase of 7%.  
Bivariate Association between Short-term Healthcare Expenditures and Change in BMI 
categories: (Table 5) 
 Compared to stayed normal ($385), mean follow-up dental expenditures were 
significantly lower for individuals belonging to BMI loss ($270) and stayed underweight/other 
($142), but were higher for stayed obese ($304). 
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Description of Healthcare Expenditures (Table 4, Figure 4): 
Other Expenditures 
Other expenditures as listed, includes facility, home-health, institutional, medical and 
laboratory expenditures.  Mean other expenditures increased from Year 1 to Year 3.  Individuals 
who stayed overweight had the lowest other expenditures at baseline ($2,817), whereas the 
highest baseline expenditures were found among those who experienced BMI gain ($4,101). This 
mirrors what was observed for total expenditures.  In the final year of follow-up, the lowest 
expenditures were among those who stayed overweight ($4,274), followed by those who stayed 
normal ($4,517). The highest Year 3 expenditures were among those who stayed 
underweight/other ($6,799), followed by BMI gain ($5,590). 
 Between Year 1 and 2, increases were seen for all BMI change groups except for BMI 
gain, for which other expenditures decreased by 6%.  The highest increase was seen for 
individuals with BMI loss who experienced an increase of 52% over the same time period.  
Between Year 2 and Year 3, the largest increase in other expenditures was seen for BMI gain 
(45%), followed by stayed underweight (44%). The lowest increase between Years 2 and 3 was 
for BMI loss (10%). 
Bivariate Association between Short-term Healthcare Expenditures and Change in BMI 
categories: (Table 5) 
  Compared to stayed normal ($4,517), other expenses were significantly higher for both 





Mean and Standard Error of Short-term Expenditures by 
Expenditure Type and  
Change in Body Mass Index Categories   
(Constant Dollars -2005)  
Medicare Current Beneficiary Survey,  
2000 – 2005 
  Mean SE Sig 
Total    
ALL    
 Stayed Normal 10,685 336.0  
 BMI loss 12,661 649.2 ** 
 Stayed Overweight 10,522 368.4  
 Stayed Obese 12,835 546.4 *** 
 BMI gain 13,693 1410.1 * 
 Stayed underweight /other 14,111 1181.9 ** 
Inpatient    
ALL    
 Stayed Normal 3,263 208.8  
 BMI loss 3,787 297.6  
 Stayed Overweight 2,935 174.0  
 Stayed Obese 3,876 323.0  
 BMI gain 4,313 737.7  
 Stayed underweight /other 4,674 685.3 * 
Outpatient    
ALL    
 Stayed Normal 988 49.9  
 BMI loss 1,373 148.6 * 
 Stayed Overweight 1,180 87.9  
 Stayed Obese 1,342 124.7 ** 
 BMI gain 1,309 202.7  
 Stayed underweight /other 944 164.4  
Prescription Drugs    
ALL    
 Stayed Normal 1,533 31.5  
 BMI loss 1,808 64.6 *** 
 Stayed Overweight 1,767 42.1 *** 
 Stayed Obese 2,352 70.1 *** 
 BMI gain 2,073 75.0 *** 
  Stayed Underweight/Other 1,552 104.3  
     
 Continued…    
     




Mean and Standard Error of Short-term Expenditures by 
Expenditure Type and  
Change in Body Mass Index Categories   
(Constant Dollars -2005)  
Medicare Current Beneficiary Survey,  
2000 – 2005 
  Mean SE Sig 
Dental    
ALL    
 Stayed Normal 385 20.6  
 BMI loss 270 25.1 *** 
 Stayed Overweight 365 17.7  
 Stayed Obese 304 28.9 * 
 BMI gain 408 128.2  
 Stayed underweight /other 142 25.5 *** 
Other    
ALL    
 Stayed Normal 4,517 159.4  
 BMI loss 5,422 419.0 * 
 Stayed Overweight 4,274 193.5  
 Stayed Obese 4,961 241.4  
 BMI gain 5590 536.2  
 Stayed underweight /other 6,799 644.5 *** 
     
 
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no 
missing body mass index values and were first included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-
24.9 kg/m2) at baseline and follow-up; BMI gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight 
BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. overweight, obese, 
morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at 
baseline  who moved to a lower BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- 
Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; Stayed Obese- Individuals with obese 
BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight 
BMI (<18.5 kg/m2
*** p < 0.001; **  0.001
) at base line and follow-up as well as those with weight changes not defined by the categories 
above. 
 < p < 0.01; * 0.01 < p < 0.05
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Table 6  
 OLS Models on Log Ratio of Expenditures by Type 
Changes in Body Mass Index Categories 








    Prescription Drugs Dental Other 
  
Beta SE Sig Beta SE Sig Beta SE Sig Beta SE Sig Beta SE Sig Beta SE Sig 
                    Intercept 0.189 0.134 
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BMI loss -0.061 0.063 
 













































0.172 0.072 * 
 
Stayed Underweight/ 










                     
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no missing body mass index values and were first 
included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-24.9 kg/m2) at baseline and follow-up; BMI 
gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. 
overweight, obese, morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at baseline  who moved to a lower 
BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; 
Stayed Obese- Individuals with obese BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight BMI 
(<18.5 kg/m2
*** p < 0.001; **  0.001 < p < 0.01; * 0.01 < p < 0.05




Ordinary Least Squares Regression on  
 Logged Expenditures (Constant 2005 $) by Type 
Change in Body Mass Index Categories 
Medicare Current Beneficiary Survey  2000-2005 
  Beta SE P-val Sig % change 
Total       
 Intercept 7.978 0.152 0.000 ***  
 BMI loss 0.090 0.063 0.154   
 Stayed overweight -0.034 0.044 0.446   
 Stayed obese -0.020 0.047 0.670   
 BMI gain 0.139 0.067 0.037 * 14.9% 
 Stayed Underweight/Other  -0.036 0.113 0.748   
 Stayed Normal Ref     
Inpatient      
 Intercept 2.254 0.315 0.000 ***  
 BMI loss 0.239 0.146 0.102   
 Stayed overweight -0.134 0.091 0.142   
 Stayed obese -0.129 0.120 0.283   
 BMI gain 0.030 0.156 0.849   
 Stayed Underweight/Other 0.406 0.233 0.082   
 Stayed Normal Ref     
Outpatient      
 Intercept 3.504 0.265 0.000 ***  
 BMI loss 0.244 0.107 0.023 * 27.6% 
 Stayed overweight 0.131 0.074 0.079   
 Stayed obese 0.137 0.101 0.176   
 BMI gain 0.240 0.112 0.033 * 27.1% 
 Stayed Underweight/Other -0.203 0.182 0.264   
 Stayed Normal Ref     
Prescription Drugs      
 Intercept 5.258 0.187 0.000 ***  
 BMI loss 0.154 0.067 0.022 * 16.6% 
 Stayed overweight 0.077 0.056 0.169   
 Stayed obese 0.149 0.062 0.016 * 16.1% 
 BMI gain 0.257 0.079 0.001 ** 29.3% 
 Stayed Underweight/Other -0.344 0.145 0.018 * -29.1% 
 Stayed Normal Ref     
       
 Continued…      
       
       
       




Ordinary Least Squares Regression on  
 Logged Expenditures (Constant 2005 $) by Type 
Change in Body Mass Index Categories 
Medicare Current Beneficiary Survey  2000-2005 
  Beta SE P-val Sig % change 
Dental      
      
 Intercept 2.596 0.232 0.000   
 BMI loss -0.233 0.106 0.028 * -20.8% 
 Stayed overweight -0.045 0.071 0.528   
 Stayed obese -0.177 0.093 0.058   
 BMI gain -0.242 0.120 0.044 * -21.5% 
 Stayed Under/Other -0.753 0.168 0.000 *** -52.9% 
 Stayed Normal Ref     
Other      
 Intercept 7.129 0.180 0.000 ***  
 BMI loss 0.106 0.074 0.155   
 Stayed overweight -0.119 0.053 0.024 * -11.2% 
 Stayed obese -0.038 0.057 0.506   
 BMI gain 0.189 0.071 0.008 ** 20.8% 
 Stayed Under/Other -0.008 0.123 0.949   
 Stayed Normal Ref     
       
       
 
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no 
missing body mass index values and were first included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-
24.9 kg/m2) at baseline and follow-up; BMI gain- individuals with normal BMI (18.5-24.9 kg/m2) or overweight 
BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. overweight, obese, 
morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at 
baseline  who moved to a lower BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- 
Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; Stayed Obese- Individuals with obese 
BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight 
BMI (<18.5 kg/m2
*** p < 0.001; **  0.001
) at base line and follow-up as well as those with weight changes not defined by the categories 
above.  




Ordinary Least Squares Regression on 
Logged Expenditures (Constant 2005 $) by Type 
Change in Body Mass Index Categories Adjusted for Baseline 
Expenditures,  Medicare Current Beneficiary Survey  2000-2005 
  
Beta SE P-val Sig % Change 
Total 
     
 
Stayed normal 3.998 0.200 0.000 
  
 




overweight -0.004 0.038 0.925 
  
 
Stayed obese -0.003 0.040 0.932 
  
 
BMI gain 0.106 0.053 0.045 * 11% 
 
Stayed 
Under/Other -0.030 0.101 0.767 
  
 
Stayed Normal Ref 
    Inpatient 
     
 
Stayed normal 1.993 0.308 0.000 
  
 




overweight -0.121 0.090 0.177 
  
 
Stayed obese -0.148 0.119 0.216 
  
 




Under/Other 0.311 0.232 0.181 
  
 
Stayed Normal Ref 
    Outpatient 
     
 
Stayed normal 2.274 0.246 0.000 
  
 
BMI loss 0.211 0.101 0.037 * 23% 
 
Stayed 
overweight 0.123 0.067 0.067 
  
 
Stayed obese 0.126 0.097 0.194 
  
 
BMI gain 0.226 0.101 0.026 * 25% 
 
Stayed 
Under/Other -0.168 0.175 0.338 
  
 
Stayed Normal Ref 
    Prescription Drugs 
     
 
Stayed normal 1.474 0.158 0.000 
  
 




overweight -0.004 0.038 0.924 
  
 
Stayed obese 0.042 0.046 0.357 
  
 




Under/Other -0.305 0.108 0.005 ** -26% 
 
Stayed Normal Ref 
    
 
Continued… 




Ordinary Least Squares Regression on 
Logged Expenditures (Constant 2005 $) by Type 
Change in Body Mass Index Categories Adjusted for Baseline 
Expenditures,  Medicare Current Beneficiary Survey  2000-2005 
  
Beta SE P-val Sig % Change 
Dental 
     
 
Stayed normal 1.198 0.196 0.000 
  
 




overweight 0.009 0.060 0.887 
  
 
Stayed obese -0.078 0.077 0.312 
  
 




Under/Other -0.480 0.138 0.000 *** -38% 
 
Stayed Normal Ref 
    Other 
     
 
Stayed normal 3.738 0.177 0.000 
  
 




overweight -0.043 0.048 0.374 
  
 
Stayed obese 0.022 0.051 0.667 
  
 
BMI gain 0.181 0.060 0.003 ** 20% 
 
Stayed 
Under/Other 0.038 0.118 0.751 
  
 
Stayed Normal Ref 
    
 
 
      
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no 
missing body mass index values and were first included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-
24.9 kg/m2) at baseline and follow-up; BMI gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight 
BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. overweight, obese, 
morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at 
baseline  who moved to a lower BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- 
Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; Stayed Obese- Individuals with obese 
BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight 
BMI (<18.5 kg/m2) at base line and follow-up as well as those with weight changes not defined by the categories 





FINDINGS: AIM 1.2 
Aim 1.2 What is the association between changes in BMI and healthcare expenditures, after 
controlling for individuals’ demographic, socioeconomic status, physical illness and mental 
illness? 
Table 6 presents the Ordinary Least Squares (OLS) model on log-ratio of expenditures 
controlled for all other independent variables. Recall, the log-ratio is expressed as the ratio of 
Year 3 expenditures to Year 2 expenditures with the log of this value; where positive values 
indicate increased expenditures, and negative values indicate decreased expenditures. When 
compared to individuals who stayed in normal BMI group, individuals who experienced BMI 
loss had significantly lower expenditures (β = -0.54). When compared to individuals who stayed 
in normal BMI group, individuals with BMI gain had mean expenditures that were significantly 
higher (β = 0.172). 
Log-ratio of Expenditures 
Table 7.A summarizes parameter estimates from the ordinary least squares (OLS) 
regression on short-term logged expenditures by change in BMI categories.   These regressions 
control for gender, race/ethnicity, age, marital status, metro status, education, poverty status, 
supplemental health insurance, general health status, functional status, smoking, and chronic 
physical and mental conditions.  In addition to these variables, baseline expenditures were also 
controlled for and results are presented in Table 7.B.  Parameter estimates for these independent 
variables are not presented in tabular form as they are not of main interest.  
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 Short-term Healthcare Expenditures and Change in BMI categories: Ordinary Least Squares 
Regressions (Table 7.A, 7.B) 
Total Expenditures 
When controlled for all independent variables, individuals with BMI gain had 
expenditures that were 14.9% higher than individuals who stayed normal. When controlled for 
baseline expenditures, the results were 11% higher.
 Short-term Healthcare Expenditures and Change in BMI categories: Multivariate Analysis 
(Table 7.A, 7.B). 
Inpatient  Expenditures 
The OLS regression on logged expenditures did not reveal any statistically significant 
associations between expenditures and changes in BMI categories.  
 Short-term Healthcare Expenditures and Change in BMI categories: OLS Regressions (Table 
7.A, 7.B.) 
Outpatient Expenditures 
When controlled for all independent variables, persons with BMI loss and BMI gain had 
outpatient expenditures that were 27.1% and 27.6% higher than persons who stayed normal. 
When controlled for baseline expenditures these results were 23% and 25% higher, respectively. 
64 
 
 Short-term Healthcare Expenditures and Change in BMI categories: OLS Regressions (Table 
7.A, 7.B). 
Prescription  Expenditures 
When controlled for all independent variables, individuals with BMI loss and stayed 
obese had expenditures that were 16.6% and 16.1% higher than individuals who stayed normal. 
Individuals with BMI gain had prescription expenditures that were 29.3% higher than those who 
stayed normal. When looking at individuals who stayed underweight/other, Year 3 expenditures 
are observed to be 29.1% lower than those who stayed normal.  
When controlled for baseline expenditures, only individuals who stayed 
underweight/other had significant results.  Prescription expenditures for this group were 26% 
lower than that of stayed normal. 
 Short-term Healthcare Expenditures and Change in BMI categories: OLS Regressions (Table 
7.A, 7.B). 
Dental  Expenditures 
When controlled for all independent variables, individuals with BMI loss had dental 
expenditures that were 20.8% lower than individuals who stayed normal. When controlled for 
baseline expenditures, only individuals who stayed underweight/other had significant results.  
Dental expenditures for this group were 38% lower than that of stayed normal. 
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 Short-term Healthcare Expenditures and Change in BMI categories: OLS Regressions (Table 
7.A, 7.B). 
Other Expenditures 
When controlled for all independent variables, individuals who stayed overweight had 
expenditures that were 11.2% lower than individuals who stayed normal. Individuals who 
experienced BMI gain had expenditures that were 20.8% higher than those who stayed normal. 
When controlled for baseline expenditures, only individuals with BMI gain had 
significant results.  Other expenditures for this group were 20% higher than that of stayed 
normal. 
 
Alternative Specifications of Changes in Healthcare Expenditures 
Change in Expenditures Categories 
 A multinomial logistic regression on levels of expenditure change by BMI change 
categories was performed. Levels of expenditure change were 1)no expenditures at Year 2 and 
Year 3;  2)greater than 10% decrease in expenditures from Year 2 to Year 3;  3)greater  than 
10% increase in expenditures from Year 2 to Year 3; and  4)minimal variation, that represents 
changes in expenditures in either direction that are less than 10%.  For the analysis, minimal 
variation served as the reference group.   
Individuals with BMI loss were less likely to have a decrease in prescription expenditures 
greater than ten percent [AOR = 0.53, 95%CI 0.28-1.00] (Appendix B, Table B.2).  Compared 
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to stayed normal, individuals with BMI loss were 52% more likely to have zero inpatient 
expenditures at Year 2 and Year3 [AOR 1.52, 95%CI 1.22-1.91](Appendix B, Table B.3). 
 Compared to stayed normal, persons who experienced BMI gain were 50% less likely to 
have zero outpatient expenditures at Years 2 and 3[AOR = 0.50, 95%CI 0.33-0.76]. Table B.2 
also shows persons with BMI gain were less likely to have a decrease in outpatient expenditures 
greater than ten percent [AOR = 0.48, 95%CI 0.30-0.79], and less likely to have increases in 







Aim 1.3 How does the relationship between persistent weight gain or loss and healthcare 
expenditures change in the presence of mental illness (depression)? 
FINDINGS: AIM 1.3 
It was hypothesized that the effect of BMI on health expenditures would be magnified in 
the presence of comorbid mental illness.  OLS linear regression on logged expenditures adjusted 
for all other independent variables was performed.  When distinction for any mental illness was 
made, the results were no different (Table in Appendix C). 
 
The current study set out to examine the association between changes in weight as measured by 
changes in BMI and short-term healthcare expenditures among Medicare beneficiaries over 65 
years of age.   
Discussion Overview 
1) Only a small fraction of the elderly experienced changes in BMI categories:  Of 10,698 
individuals, 9% experienced BMI loss (N=982) and 8.2% experienced BMI gain (N=867) 
over the study period. 
2) Subgroup differences in BMI changes were noted:  
a. Females were less likely than males to experience BMI loss or BMI gain. This 
finding is not consistent with what has been reported elsewhere. From the Health, 
Aging and Body Composition (Health ABC) study, Lee et al., reported on short-
term weight changes in 522 elderly individuals ages 70-79 years. Weight gain and 
loss was defined as a change of greater than 5% body weight over the past year.  
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Significantly more women experienced weight loss and weight gain (53% and 
66%) ( Lee et al, 2005). In this study, however, weight loss and gain were defined 
using BMI, which accounts for height in addition to weight.  
b. Increased age decreased the likelihood of BMI loss or BMI gain as compared to 
individuals 65-69 years; individuals older than 80 years were the only age group 
with increased risk of staying underweight/other.  This is consistent with studies 
that have reported that average BMI declines with advanced age. (Yang et al., 
2008).   
c. In addition, it was observed that individuals who reported poor general health at 
baseline were more likely to be in stayed underweight/other BMI change 
categories. It is very likely that those who were in the “stayed underweight” 
category were mostly elderly individuals characterized by poor health and 
advanced age.  
d. As observed in other studies, functional decline at baseline was associated with 
BMI changes.  Jensen and Friedmann reported on the association of obesity and 
functional decline in a Medicare managed care population. Compared to women 
with weight change less than 10lbs, those experiencing weight loss of 10 or 20lbs  
were more than twice as likely to have ADL limitations. Those experiencing 
weight gain of 20lbs were more than four times as likely to have ADL limitations.   




Hypothesis 1.1 Decreases in BMI will result in reductions in short-term total and/or component 
health expenditures.  
Discussion: Hypothesis 1.1 
 
 Overall, when compared to stayed normal, individuals who experienced BMI loss had 
relative changes in inpatient expenditures that were significantly lower than that of stayed normal.  
Contrary to the hypothesis that total and all components of expenditures would be lower, only the 
log-ratio of inpatient expenditures was lower for this group.   
BMI Loss 
 One may suppose that BMI loss could result from new illness, and that bouts of 
illness and subsequent weight loss are driving the overall effects. When looking at the initial year 
to year changes in expenditures, sharp increases for spending occurred for the BMI loss group 
compared to those who stayed normal. However, the statistical significance of this increase was not 
tested. For the case of inpatient expenditures, between Year 1 and 2, increases seen among those 
who stayed overweight (3%), and stayed obese (24%) were mild in comparison to BMI loss. 
Compared to the prior groups, BMI loss experienced relatively rapid increases over the same 
time period (87%). It would seem then that illness could have caused this sharp rise in inpatient 
expenditures over the first 2 years.  It should be noted, however, that between Year 2 and Year 3, 
persons experiencing BMI loss were the only group with decreasing inpatient expenditures. If 
these persons did in fact experience illness, it was short lived, as represented by the decrease in 
inpatient expenditures through the last year of follow-up. It is likely that individuals who 
experienced BMI loss, were themselves healthy individuals and would therefore incur less 
inpatient expenditures. More persons with BMI loss were of good health with no functional 
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limitations (Table 2). Additionally more persons in this group were free of chronic physical and 
mental diseases, with the exception of arthritis and hypertension, which are common in the 
elderly.  Previous studies have shown the benefit of weight loss in improving chronic diseases 
such as diabetes and hypertension (Ballantyne et al., 2006; Palomar et al., 2005;  Knowler et al., 
2002). It is possible that over the short-term, benefits of weight reduction resulted in avoidance 
of hospitalizations associated with comorbid diseases. Future studies are needed to confirm or 
disprove this study’s findings that BMI loss resulted in lower relative inpatient expenditures. 
Work should be done to uncover the mechanism by which these results may occur.  
Aim 1.2 Increases in BMI will result in increases in total and/or component healthcare 
expenditures. 
Discussion: Hypothesis 1.2 
 Overall, when compared to individuals who stayed normal, those who experienced 
BMI gain had relative changes in other expenditures that were significantly higher than that of 
stayed normal. Relative increases in the log-ratio across multiple expenditure types was expected. 
However, this was the case only for other expenditures.    
BMI gain 
Following the change in BMI, other expenditures increased the most for those 
experiencing BMI gain (45%).  Recall, that “other” expenditures included those for facility, 
home health, institutional, medical and laboratory. Both overweight and obesity are associated 
with increased healthcare expenditures (Sullivan et al., 2008; Thorpe KE, 2006; Wee et al., 2005; 
yang and Hall, 2008).  The short-term effect of weight gain on health expenditures has been 
demonstrated in persons with diabetes. Yu et al., modeled changes in total and diabetes-related 
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health expenditures one year after weight gain/loss in a group of 458 diabetic patients.  Weight 
gain/loss was defined as a minimum of one pound change over a six month period between 1997 
and 2005.  Mean total healthcare costs were higher for weight gainers (N=224) as compared to 
non-weight gainers ($7,260 v. $5,541). Models showed that a 1% increase in weight would result 
in an increase in total health costs of 3.1% (Yu et al., 2007).  
Additionally, persons who experienced BMI gain were less likely to have zero outpatient 
expenditures at Year 2 and Year3 [AOR = 0.50, 95%CI 0.33-0.76] (Table B4). Individuals with 
BMI gain were less likely to have a decrease in outpatient expenditures greater than 10 %[AOR 
= 0.48, 95%CI 0.30-0.79], and less likely to have increases in outpatient expenditures greater 
than 10%[AOR = 0.55, 95%CI 0.36-0.83].  These findings seem to point to inconsistency in 
utilization of outpatient healthcare. When looking at the year to year changes in expenditures 
presented in Table 4, mean expenses for all expenditure types excepting prescriptions, decreased 
in Year 2, but increased sharply in Year 3. 
 Whether BMI gain is preceded by inconsistent healthcare utilization or both co-
occur is unknown. In this sample of Medicare beneficiaries, those with BMI gain have presented 
inconsistencies in healthcare expenditures across multiple service types.  Researchers should 
seek to understand whether these findings are artifacts of behaviors at the patient or physician-
level.  For example, there are reports that associate underutilization of weight-loss services with 
patient level factors such as health seeking behaviors and fear of stigmatization (Brown et al., 
2006; Visram et al., 2009)  Literature has also shown that physician practices such as referral 
patterns  and counseling can affect the use of weight-loss services (Orleans et al., 1985; McAver 




Aim 1.3 The effect of BMI on health expenditures will be magnified in the presence of comorbid 
mental illness. 
Discussion: Hypothesis 1.3 
Results from the OLS linear regression on logged expenditures adjusted for all other 
independent variables are presented in Appendix C.  In this regression, comorbid mental illness 
is measured by the presence of any mental illness and depression.   As suggested by the table, the 
relationship between BMI changes and expenditures remained similar. 
It has been shown previously that healthcare expenditures increase in the presence of 
comorid mental illness. In one cross sectional study, the Medical Expenditure Panel Survey was 
used to analyze data on 2,825 obese adults. The average total expenditures for obese adults with  
physical and mental illness were higher than for those with physical illness only ($7,429 v. 
$6,759). Mean pharmacy expenditures were $2,431 and $1,806, respectively. After controlling 
for all independent variables, total, inpatient, outpatient, emergency room, pharmacy, and other 
expenditures were higher for obese adults with both mental and physical illness compared to 
obese adults with physical illness alone (Shen et al., 2007). 
 The findings of Aim 1.3 are surprising since evidence exists that links symptomatic 
depression with the worsening of comorbid conditions (Carnethon et al., 2007; Ciechanowski et 
al., 2007; Mancuso et al., 2000; Remington et al., 2001; and  Rou et al., 2003). One study 
followed patients with heart failure over a period of 4-6 weeks to evaluate the relationship 
between baseline depressive symptoms and symptoms of heart failure at follow-up.  
Symptomatic depression was measured using the Medical Outcomes Study-Depression 
questionnaire. The Kansas City Cardiomyopathy Questionnaire (KCCQ) was used to measure 
symptoms of heart failure, in which increasing scores indicate improved functional status and 
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quality of life. At baseline, persons presenting with depressive symptoms had lower symptoms of 
heart failure.  However, at follow-up, symptomatic depression was a significant predictor of 
symptoms of heart failure.  The KCCQ heart failure score showed an average decrease of 7.1 
(where a 5 point change is clinically relevant) for persons with depressive symptoms (Rumsfeld 
et al., 2003).    
 Mental illness in this study was measured by self-report as well as by Medicare 
diagnostic codes. No distinction was made by symptomatic/non-symptomatic mental illness. 
Along the same lines, duration and severity of mental illness was not measured.  It may be that 
both the presence of and duration of symptomatic mental illness serves to mediate the effect of 
mental illness on changing health expenditures.  Further research into the time-dependent effects 





 Obesity has become an epidemic affecting all ages including the elderly, and is associated 
with increased morbidity, mortality and healthcare expenditures. Previous studies have focused 
primarily on the effects of weight loss on healthcare expenditures.   The current study explored 
how changes in BMI affect a variety of healthcare expenditures within a Medicare population 
and additionally how comorbid mental illness impacts this relationship. 
Summary 
Findings from the current study reveal that weight gain (i.e. BMI increase) increases total 
and outpatient expenditures including the medical provider component measured by other 
expenditures.  These findings parallel those found by studies reviewed in the introduction section 
that higher BMI values (i.e. overweight and obesity) are consistently associated with increased 
expenditures.    
Study findings indicate that BMI loss is associated with decreased inpatient expenditures 
after BMI changes were measured as compared to those who stayed in normal BMI group.   
Inpatient expenditures account for a major proportion of total healthcare expenditures.  A review 
article on understanding the drivers behind inpatient cost growth indicated that in 2001, out of 
$1.4 trillion spent on healthcare, 37.5% ($451.2 billion) were spent on inpatient care.   In 
addition, during that year, 51% of the growth in total spending was due to inpatient services 
(Goetghebeur et al., 2003).  Therefore, it is encouraging that weight loss at any level (i.e. moving 
from obesity to overweight or overweight to normal) may reduce expenditures.  This finding has 
implications for weight loss programs, policy makers and payers.     
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 Expenditures did not change for individuals who stayed in the same BMI categories over 
a two year period.  In light of the possible negative effects of weight changes on healthcare 
expenditures and the positive association between increasing BMI values and health 
expenditures in the elderly, having a stable BMI is necessary to reduce expenditure burden on the 
individuals and the payers.    
Despite the possible short-term benefits of weight loss, several studies have reported the 
hazards of “weight cycling”. Weight cycling is a term that describes fluctuations in body weight 
characterized by weight loss and then gain, or weight gain, and then loss. Although, in this study, 
BMI fluctuations were not measured, the phenomenon is worth discussing. Whereas, weight 
cycling can occur over a short or longer period of time, it has been associated with increased all-
cause and cardiovascular-related mortality (Hamm et al., 1989; Lissner et al., 1989; Lissner et 
al., 1991;Blair et al., 1991). Additionally, although findings presented here associate changes in 
healthcare expenditures with recent changes in BMI (for persons aged 65 and older), there is 
evidence that links healthcare expenditures in older age with previous BMI during adulthood 
(Daviglus et al., 2010).  
Collectively, all the findings in the current study point to the need for preventing 
overweight or obesity rather than treating these conditions and their negative effects.   In this 
context, weight management and wellness programs that include nutrition and physical activity 
need to be an integral part of healthcare management of all individuals including the elderly.   
The current study focused on total expenditures that included the out-of-pocket spending 
by the beneficiaries/families.  Nearly one fifth of the total healthcare spending is borne by the 
beneficiaries/families (Crystal et al., 2000) representing a substantial burden on the family.   
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Future research needs to explore whether out-of-pocket spending burden is increased in those 
with BMI gain or BMI loss.  Such studies may illustrate the direct financial burden on the 
beneficiaries/families due to fluctuations in weight.  
Those with comorbid mental illness were more likely to be in the BMI gain category 
compared to those without metnal illness.   In addition, comorbid mental illness (depression and 
history of mental illness) did not change the relationship between BMI and changes in 
expenditures in the population studied.  Prior research suggests that in the context obesity, 
mental illness increased healthcare expenditures (Shen et al., 2008).   Taken together these 
findings imply that the sub-population of elderly with mental illness need to be closely 
monitored for unhealthy weight gain.      
Prior to 2004, obesity was not considered by Medicare as a disease (Kaiser Family 
Foundation, 2004). Obesity treatments were only covered for beneficiaries with obesity related 
conditions such as diabetes. Under new Medicare policy, obesity is considered a disease. It is my 
hope that Medicare will make it a priority to prevent this disease by proactively promoting 





Future research is needed to identify intentional versus unintentional weight loss among 
Medicare enrollees. Patterns of service utilization among persons with weight loss or gain also 
deserves a closer look. The link between obesity and mental illness remains unclear. Research in 
this area is ongoing, and with time a better understanding of the causal pathways of the 




The following strengths of this study should be noted: 1)The combination of both survey 
and claims data in which repeated interviews minimize recall bias; 2) the compilation of a 
comprehensive list of variables from a large, representative sample of US persons 65 and older; 
3) Healthcare expenditures were covered not only Medicare but also other payers; and 4) The 
longitudinal design allowed for tracking of expenditures after BMI changes. 
Strengths 
 
BMI Measurement in the Elderly 
Limitations 
 Termed sarcopenia, the decreased of  muscle mass with  increasing adiposity has been 
shown to occur in aging populations (Baumgarter et al., 1995; Forbes GB., 1999; Goodpaster et 
al., 2001; Hughes et al., 2002). Additionally, with the potential for vertebral fractures and loss of 
height in older persons, the use of the conventional BMI measurement has been questioned.  One 
longitudinal study on aging reported that from age 30 to 70 years, men and women lose an 
average of 3 and 5cm in height, respectively. By age 80, loses were 5cm for men and 8cm for 
women (Sorkin et al.,1999). The study also estimated that by age 70, BMI would be artificially 
raised by 0.7 kg/m2 in men and 1.6 kg/m2 in women. At 80 years of age this increase would by 
1.4 and 2.6 kg/m2 respectively.  Age adjusted measures of body mass have been suggested.  
Andres et al., proposed age-adjusted weight standards by which ideal weight could be derived 
(Andres et al., 1985). Despite these findings, both the World Health Organization  and National 
Heart, Lung, Blood Institute regard BMI as the index of choice to define weight categories in all 
adults (NHLBI, 2000; WHO, 1997). 
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Intentional loss and unintentional loss is not known.  Unintentional loss may indicate 
poor health in these individuals.   However, multiple domains of poor health such as presence of 
chronic conditions, functional status and perceived health status were controlled for in the 
analyses.   
Clinical Relevance of BMI changes 
Weight categories have been defined by the following BMI ranges:  
• Underweight: < 18.5 kg/m2 
• Healthy weight: 18.5 to 24.9 kg/m2 
• Overweight: 25.0 to 29.9 kg/m2 
• Obese: ≥ 30 kg/m2 (Class I 30-34.9 kg/m2; Class II 35-39.9 kg/m2; Class III ≥ 40 kg/m2) 
 
The following six BMI categories were used in this study:  1) Stayed normal (BMI 18.5-
24.9); 2) BMI loss (decrease in BMI in individuals with baseline BMI greater than or equal to 
25); 3) Stayed overweight (BMI between 25 and 29.9 at baseline and follow-up year); 4) Stayed 
obese (BMI greater than or equal to 30 in baseline and follow-up year); 5)BMI gain (increase in 
BMI category in individuals with baseline BMI between 18.5 and 24.9); and 6) Stayed 
underweight/other ( persons with BMI <18.5 or other weight change not defined by the previous 
groups).  Theoretically, these categories are easily defined and hold intuitive meaning. However, 
their clinical relevance may be questioned.  For example, does weight loss represented by a 
change in BMI from 35 to 27kg/m2, have the same clinical relevance as a change from 30 to 29 
kg/m2?  Since the only thresholds for clinical meaning are the weight categories themselves, this 
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then becomes a limitation. Therefore, in the previous example, both BMI changes would be 
categorized as BMI loss. 
Length of observation 
The use of three years of observations allowed only for examination of short-term 
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Cohort Sample Sizes by Round and Observation Year of Survey 
  Medicare Current Beneficiary Survey 2000-2005 
 
Table A.1 Panel Sample Sizes by Round and Observation Year of Survey 
Medicare Current Beneficiary Survey 2000-2005 
Round Year                 
  2000 2001 2002 2003 2004 2005 2006 2007 2008 
19 3774          
22 3984 3616         
25 4547 4042 3663        
28 311 4471 4003 3615       
31 399 367 4308 3812 3402      
34  368 337 4337 3815 3452     
  37   386 348 4166 3693     
40    374 349 4192     
43     347 323     
46      369     
49           
52                   
 
Sample sizes in red font represent newly enrolled beneficiaries who were included in interviews even if they became 




Sensitivity Analyses of Change in Body Mass Index Categories and Expenditures 




 Description by Percent Change in Expenditures Categories   
Medicare Current Beneficiaries Survey 2000-2005 
  $0 Both > 10% Decrease Minimal Variation > 10% Increase   
  N % N % N % N % Chi-sq sig 
  14,056 22% 21,293 34% 3,905 6% 24,288 38%   
Total            
 Stayed Normal 26 0.8 1443 41.2 321 9.4 1675 48.6 12.91  
 BMI loss 4 0.3 444 45.3 78 8.4 456 46.0   
 Stayed Overweight 17 0.7 1386 42.2 279 8.0 1648 49.0   
 Stayed Obese 9 0.7 684 41.0 161 9.5 842 48.8   
 BMI gain 5 0.7 341 40.7 78 9.8 443 48.8   
 Stayed Over/Other 1 0.2 143 39.3 29 8.2 185 52.2   
Inpatient           
 Stayed Normal 2335 69.8 468 12.4 32 0.8 630 17.0 62.53 *** 
 BMI loss 579 61.0 213 20.4 7 1.1 183 17.5   
 Stayed Overweight 2284 70.3 460 13.1 24 0.7 562 15.9   
 Stayed Obese 1092 66.2 267 15.4 13 0.7 324 17.8   
 BMI gain 575 69.1 103 11.1 3 0.6 186 19.2   
 Stayed Over/Other 198 57.7 66 17.5 2 0.5 92 24.2   
Outpatient           
 Stayed Normal 516 15.4 1445 41.0 86 2.4 1418 41.2 29.13 * 
 BMI loss 130 14.3 387 39.0 31 3.1 434 43.6   
 Stayed Overweight 471 15.1 1270 38.5 128 3.7 1461 42.7   
 Stayed Obese 199 12.3 713 42.0 65 3.7 719 42.0   
 BMI gain 105 12.7 340 39.9 35 4.1 387 43.3   
 Stayed Over/Other 57 16.5 154 41.7 7 1.8 140 39.9   
Prescription Drugs           
 Stayed Normal 168 5.0 1370 38.9 441 12.3 1486 43.7 36.37 ** 
 BMI loss 22 2.3 375 36.7 137 14.4 448 46.6   
 Stayed Overweight 143 4.7 1234 36.6 466 14.2 1487 44.5   
 Stayed Obese 45 2.9 681 40.6 251 14.3 719 42.3   
 BMI gain 25 3.2 322 37.2 126 15.0 394 44.7   
 Stayed Over/Other 20 5.5 152 40.6 47 12.7 139 41.2   
Dental           
 Stayed Normal 1513 41.6 973 28.6 132 4.1 847 25.7 81.24 *** 
 BMI loss 493 49.1 265 26.9 28 3.1 196 20.8   
 Stayed Overweight 1421 41.2 944 28.7 94 2.7 871 27.3   




 Description by Percent Change in Expenditures Categories   
Medicare Current Beneficiaries Survey 2000-2005 
  $0 Both > 10% Decrease Minimal Variation > 10% Increase   
  N % N % N % N % Chi-sq sig 
  14,056 22% 21,293 34% 3,905 6% 24,288 38%   
 BMI gain 436 49.2 218 25.4 19 2.2 194 23.2   
 Stayed Over/Other 218 58.2 80 24.6 9 2.6 51 14.6   
Other           
 Stayed Normal 47 1.4 1506 43.5 224 6.2 1688 48.9 13.42  
 BMI loss 9 0.8 451 46.2 54 5.9 468 47.1   
 Stayed Overweight 41 1.5 1411 42.7 246 7.5 1632 48.4   
 Stayed Obese 13 1.0 704 41.9 114 6.7 865 50.5   
 BMI gain 8 1.2 346 41.9 61 7.0 452 49.9   
 Stayed Over/Other 3 0.7 148 41.8 22 6.0 185 51.4   
            
 
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no 
missing body mass index values and were first included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-
24.9 kg/m2) at baseline and follow-up; BMI gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight 
BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. overweight, obese, 
morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at 
baseline  who moved to a lower BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- 
Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; Stayed Obese- Individuals with obese 
BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight 
BMI (<18.5 kg/m2
*** p < 0.001; ** 0.001 < p < 0.01; * 0.01 < p < 0.05  






 Multinomial Logistic Regression on Percent Change in Inpatient Expenditures Categories 
by Body Mass Index Change Categories  
Medicare Current Beneficiaries Survey 2000-2005 
Reference Group for Dependent Variable: 10% Increase 
 $0 Both Years Less Than 10% Increase 
 AOR 95% CI Sig AOR 95% CI Sig 
Inpatient       
 Healthy Loss    1.52 [1.22,1.91] *** 0.90 [0.74,1.09]  
 Stayed Over     1.08 [0.90,1.29]  1.06 [0.92,1.22]  
 Stayed Obese   1.14 [0.91,1.44]  1.06 [0.89,1.26]  
 Unhealthy Gain  0.80 [0.60,1.06]  0.98 [0.79,1.21]  
 Stayed under/Other 1.09 [0.74,1.60]  0.75 [0.57,1.00]  








 Multinomial Logistic Regression on Percent Change in Expenditures Categories  
by Body Mass Index Change Categories  
Medicare Current Beneficiaries Survey 2000-2005 
Reference Group for Dependent Variable: Minimal Variations in Expenditures 
 $0 Both Years > 10% Decrease > 10% Increase  
 AOR 95% CI Sig AOR 95% CI Sig AOR 95% CI Sig 
Outpatient          
 Healthy Loss   0.68 [0.44,1.06]  0.73 [0.44,1.21]  0.76 [0.47,1.23]  
 Stayed Over   0.57 [0.40,0.80] ** 0.60 [0.42,0.87] ** 0.62 [0.44,0.88] ** 
 Stayed Obese 0.63 [0.44,0.89] ** 0.65 [0.43,0.96] * 0.63 [0.45,0.88] ** 
 Unhealthy Gain 0.50 [0.33,0.76] ** 0.48 [0.30,0.79] ** 0.55 [0.36,0.83] ** 
 
Stayed 
under/Other 1.48 [0.67,3.25]  1.71 [0.73,4.02]  1.35 [0.61,3.00]  
Prescription          
 Healthy Loss    0.83 [0.65,1.05]  0.53 [0.28,1.00] * 0.96 [0.75,1.23]  
 Stayed Over    0.84 [0.72,0.99] * 1.00 [0.73,1.37]  0.88 [0.75,1.04]  
 Stayed Obese  0.96 [0.79,1.18]  1.12 [0.72,1.75]  0.90 [0.74,1.11]  
 Unhealthy Gain  0.84 [0.65,1.08]  0.70 [0.41,1.19]  0.90 [0.71,1.15]  
 
Stayed 
under/Other  1.00 [0.67,1.48]  1.20 [0.56,2.57]  0.94 [0.61,1.43]  





 Multinomial Logistic Regression on Percent Change in Total Expenditures Categories 
by Body Mass Index Change Categories  
Medicare Current Beneficiaries Survey 2000-2005 
Reference Group for Dependent Variable: Minimal Variation in Expenditures 
  >10 % Decline > 10% Increase 
  AOR 95% CI Sig AOR 95% CI Sig 
Total       
 Healthy Loss    1.05 [0.81,1.37]  1.21 [0.96,1.54]  
 Stayed Over     1.12 [0.92,1.38]  1.13 [0.93,1.37]  
 Stayed Obese   0.94 [0.75,1.18]  0.92 [0.73,1.14]  
 Unhealthy Gain  0.94 [0.70,1.26]  0.92 [0.68,1.23]  
 Stayed under/Other  1.26 [0.82,1.94]  1.15 [0.76,1.75]  
        
 
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no 
missing body mass index values and were first included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-
24.9 kg/m2) at baseline and follow-up; BMI gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight 
BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. overweight, obese, 
morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at 
baseline  who moved to a lower BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- 
Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; Stayed Obese- Individuals with obese 
BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight 
BMI (<18.5 kg/m2
*** p < 0.001; **  0.001
) at base line and follow-up as well as those with weight changes not defined by the categories 
above.  




Mental Illness and Change in Body Mass Index Categories and Short-term Expenditures 
Ordinary Least Squares regression on Logged Expenditures (Constant $ 2005) 
 
Table C1 
Ordinary Least Squares Regression on Logged Expenditures   
With and Without  Mental Illness 
Change in Body Mass Index Categories 









 Mental Illness 
As Control Variables 
  Beta SE Sig Beta SE Sig 
Total        
 Stayed normal 7.978 0.152 ref 7.990 0.151 Ref 
 BMI loss 0.090 0.063  0.088 0.063  
 Stayed overweight -0.034 0.044  -0.035 0.044  
 Stayed obese -0.020 0.047  -0.021 0.047  
 BMI gain 0.139 0.067 * 0.146 0.067 * 
 Stayed Under/Other -0.036 0.113  -0.034 0.114  
Inpatient       
 Stayed normal 2.254 0.315 ref 2.269 0.314 Ref 
 BMI loss 0.239 0.146  0.238 0.146  
 Stayed overweight -0.134 0.091  -0.136 0.091  
 Stayed obese -0.129 0.120  -0.131 0.121  
 BMI gain 0.030 0.156  0.040 0.156  
 Stayed Under/Other 0.406 0.233  0.410 0.234  
Outpatient       
 Stayed normal 3.504 0.265 ref 3.520 0.265 Ref 
 BMI loss 0.244 0.107 * 0.243 0.107 * 
 Stayed overweight 0.131 0.074  0.129 0.074  
 Stayed obese 0.137 0.101  0.136 0.102  
 BMI gain 0.240 0.112 * 0.249 0.112 * 
 Stayed Under/Other -0.203 0.182  -0.201 0.183  
Prescription Drugs       
 Stayed normal 5.258 0.187 ref 5.275 0.186 ref 
 BMI loss 0.154 0.067 * 0.152 0.067 * 
 Stayed overweight 0.077 0.056  0.077 0.056  
 Stayed obese 0.149 0.062 * 0.151 0.062 * 
 BMI gain 0.257 0.079 ** 0.265 0.079 *** 
 Stayed Under/Other -0.344 0.145 * -0.345 0.146 * 
        
 Continued….       




Ordinary Least Squares Regression on Logged Expenditures   
With and Without  Mental Illness 
Change in Body Mass Index Categories 









 Mental Illness 
As Control Variables 
  Beta SE Sig Beta SE Sig 
Dental       
 Stayed normal 2.596 0.232 ref 2.595 0.232 ref 
 BMI loss -0.233 0.106 * -0.233 0.106 * 
 Stayed overweight -0.045 0.071  -0.044 0.071  
 Stayed obese -0.177 0.093  -0.176 0.093  
 BMI gain -0.242 0.120 * -0.243 0.120 * 
 Stayed Under/Other -0.753 0.168 *** -0.755 0.168 *** 
        
Other       
 Stayed normal 7.129 0.180 ref 7.140 0.179 ref 
 BMI loss 0.106 0.074  0.104 0.074  
 Stayed overweight -0.119 0.053 * -0.121 0.053 * 
 Stayed obese -0.038 0.057  -0.039 0.057  
 BMI gain 0.189 0.071 ** 0.197 0.071 ** 
 Stayed Under/Other -0.008 0.123  -0.005 0.124  
        
 
Note: Based on community-dwelling Medicare beneficiaries over age 65, followed for three years and had no 
missing body mass index values and were first included in the survey between 2000 and 2003.  
Body mass index change categories were defined as follows: Stayed Normal- individuals with a normal BMI (18.5-
24.9 kg/m2) at baseline and follow-up; BMI gain- individuals with normal BMI ( 18.5-24.9 kg/m2) or overweight 
BMI (25-29.9 kg/m2) at baseline  who moved to a higher BMI category at follow up ( i.e. overweight, obese, 
morbidly obese);  BMI loss- individuals with overweight BMI (25-29.9 kg/m2) or obese BMI (>30 kg/m2) at 
baseline  who moved to a lower BMI category at follow up ( i.e. overweight or normal);  Stayed Overweight- 
Individuals with overweight BMI ( 25-29.9 kg/m2) at baseline and follow-up; Stayed Obese- Individuals with obese 
BMI ( >30 kg/m2) at baseline and follow-up; and Stayed Underweight/Other- includes individuals with underweight 
BMI (<18.5 kg/m2) at base line and follow-up as well as those with weight changes not defined by the categories 
above. *** p < 0.001; ** 0.001 < p < 0.01; * 0.01 < p < 0.05 
